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COMBINATION METHODS FOR
TREATMENT OF DISEASE

RELATED APPLICATIONS

This application is a national stage filing under 35 U.S.C.
§371 of international PCT application, PCT/US2011/
023804, file Feb. 4, 2011, which claims priority under 35
US.C. §119(e) to U.S. provisional application Ser. No.
61/302,061, filed Feb. 5, 2010, and U.S. provisional applica-
tion Ser. No. 61/301,978, filed on Feb. 5, 2010, the entire
contents of each of which are incorporated by reference
herein.

GOVERNMENT FUNDING

This invention was made at least in part with government
support from National Institute of Health grant RO1-
HGO002668. The government has certain rights in the inven-
tion.

BACKGROUND OF THE INVENTION

Many genetic and epigenetic changes that cause defects in
the regulation of cell survival, proliferation, or differentiation
and contribute to the development or progression of cancer
have been identified. Although some notable successes in
applying this knowledge to develop new treatments have been
achieved, there remains a need in the art for advances in
therapy for cancer and other proliferative diseases.

SUMMARY OF THE INVENTION

The invention provides a method of inhibiting proliferation
or survival of a cell comprising contacting the cell with a
P-TEFD inhibitor and a c-Myec inhibitor. In some embodi-
ments, the P-TEFb inhibitor is a CDK9 inhibitor, e.g., fla-
vopiridol or a flavopiridol analog. In some embodiments, the
c-Myc inhibitor is a compound that inhibits interaction
between c-Myc and Max. In some embodiments, the cell is a
mammalian cell, e.g., ahuman cell. In some embodiments the
cell is a tumor cell.

In another aspect, the invention provides a method of inhib-
iting pause release at a plurality of Myc target genes in a cell
comprising contacting the cell with a P-TEFb inhibitor and a
c-Myc inhibitor. In some embodiments the P-TEFb inhibitor
is a CDKO9 inhibitor.

In some embodiments the P-TEFb inhibitor is flavopiridol
or a flavopiridol analog. In some embodiments the c-Myc
inhibitor is a compound that inhibits interaction between
c-Myc and Max. In some embodiments the cell is a mamma-
lian cell, e.g., a human cell. In some embodiments the cell is
ahuman cell. In some embodiments the cell is a tumor cell. In
some embodiments the cell is a stem cell. In some embodi-
ments the cell is contacted with a P-TEFb inhibitor at a
concentration that does not substantially inhibit pause release
at non-c-Myc target genes when contacted with the cell in the
absence of a c-Myc inhibitor.

The invention further provides a method of treating a sub-
ject suffering from a proliferative disease comprising admin-
istering therapeutically effective amounts of a P-TEFb inhibi-
tor and a c-Myc inhibitor to the subject. In some embodiments
the amount of the P-TEFb inhibitor, the c-Myc inhibitor, or
both, is sub-therapeutic when administered as a single agent,
and/or when administered in the absence of the other com-
pound. In some embodiments the proliferative disease is a
tumor. In some embodiments the P-TEFb inhibitor is a CDK9
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inhibitor. In some embodiments the P-TEFb inhibitor is fla-
vopiridol or a flavopiridol analog. In some embodiments the
c-Myc inhibitor is a compound that inhibits interaction
between c-Myc and Max. In some embodiments the P-TEFb
inhibitor is administered at a reduced dose relative to a stan-
dard dosing regimen. In some embodiments the subject is a
human.

The invention further provides a composition comprising a
P-TEFD inhibitor and a c-Myec inhibitor. In some embodi-
ments the P-TEFb inhibitor is a CDK9 inhibitor. In some
embodiments the P-TEFb inhibitor is flavopiridol or a fla-
vopiridol analog. In some embodiments the c-Myc inhibitor
is a compound that inhibits interaction between c-Myc and
Max. In some embodiments the composition is a pharmaceu-
tical composition. In some embodiments the compostion fur-
ther comprises cells.

The invention further provides a method for testing the
ability of a compound combination to inhibit cell survival or
proliferation, comprising (a) contacting one or more test cells
with a P-TEFb inhibitor and a c-Myc inhibitor; and (b) assess-
ing survival or proliferation of the one or more test cells. In
some embodiments the one or more test cell(s) comprise
tumor cell(s). In some embodiments the one or more test
cell(s) comprise mammalian cells. In some embodiments the
method comprises comparing the effect of the compound
combination on one or more tumor cells with the effect of the
compound combination on one or more non-tumor cells. In
some embodiments the method further comprises: (¢) com-
paring the ability of the compound combination to inhibit cell
survival or proliferation with the ability of the P-TEFb inhibi-
tor to inhibit cell survival or proliferation when used as a
single agent at the same concentration; and (d) selecting the
c-Myc inhibitor as an enhancer of the P-TEFb inhibitor if the
compound combination inhibits cell survival or proliferation
to a greater extent than does the P-TEFb inhibitor when used
as a single agent at the same concentration.

The invention provides a method of inhibiting proliferation
or survival of a cell comprising contacting the cell with a
P-TEFb inhibitor and a NF-kB inhibitor. In some embodi-
ments, the P-TEFb inhibitor is a CDK9 inhibitor, e.g., fla-
vopiridol or a flavopiridol analog. In some embodiments the
NF-kB inhibitor is a compound that inhibits interaction
between NF-kB transcription factor family members (ho-
modimerization or heterodimerization). In some embodi-
ments, the cell is a mammalian cell, e.g., a human cell. In
some embodiments the cell is a tumor cell.

Inanother aspect, the invention provides a method of inhib-
iting pause release at a plurality of Myc target genes in a cell
comprising contacting the cell with a P-TEFb inhibitor and a
NF-kB inhibitor. In some embodiments the P-TEFD inhibitor
is a CDKO inhibitor.

In some embodiments the P-TEFb inhibitor is flavopiridol
or a flavopiridol analog. In some embodiments the NF-kB
inhibitor is a compound that inhibits interaction between
NF-kB transcription factor family members (homodimeriza-
tion or heterodimerization). In some embodiments the cell is
a mammalian cell, e.g., a human cell. In some embodiments
the cell is a human cell. In some embodiments the cell is a
tumor cell. In some embodiments the cell is a stem cell. In
some embodiments the cell is contacted with a P-TEFb
inhibitor at a concentration that does not substantially inhibit
pauserelease at non-NF-kB target genes when contacted with
the cell in the absence of a NF-kB inhibitor.

The invention further provides a method of treating a sub-
ject suffering from a proliferative disease comprising admin-
istering therapeutically effective amounts of a P-TEFb inhibi-
tor and a NF-kB inhibitor to the subject. In some
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embodiments the amount of the P-TEFb inhibitor, the NF-kB
inhibitor, or both, is sub-therapeutic when administered as a
single agent, and/or when administered in the absence of the
other compound. In some embodiments the proliferative dis-
ease is a tumor. In some embodiments the P-TEFb inhibitor is
a CDKD9 inhibitor. In some embodiments the P-TEFb inhibi-
tor is flavopiridol or a flavopiridol analog. In some embodi-
ments the NF-kB inhibitor is a compound that inhibits inter-
action between NF-kB transcription factor family members
(homodimerization or heterodimerization). In some embodi-
ments the P-TEFb inhibitor is administered at a reduced dose
relative to a standard dosing regimen. In some embodiments
the subject is a human.

The invention further provides a composition comprising a
P-TEFb inhibitor and a NF-kB inhibitor. In some embodi-
ments the P-TEFb inhibitor is a CDK9 inhibitor. In some
embodiments the P-TEFb inhibitor is flavopiridol or a fla-
vopiridol analog. In some embodiments the NF-kB inhibitor
is a compound that inhibits interaction between NF-kB tran-
scription factor family members (homodimerization or het-
erodimerization). In some embodiments the composition is a
pharmaceutical composition. In some embodiments the com-
position further comprises cells.

The invention further provides a method for testing the
ability of a compound combination to inhibit cell survival or
proliferation, comprising (a) contacting one or more test cells
with a P-TEFb inhibitor and a NF-kB inhibitor; and (b)
assessing survival or proliferation of the one or more test
cells. In some embodiments the one or more test cell(s) com-
prise tumor cell(s). In some embodiments the one or more test
cell(s) comprise mammalian cells. In some embodiments the
method comprises comparing the effect of the compound
combination on one or more tumor cells with the effect of the
compound combination on one or more non-tumor cells. In
some embodiments the method further comprises: (c) com-
paring the ability of the compound combination to inhibit cell
survival or proliferation with the ability of the P-TEFb inhibi-
tor to inhibit cell survival or proliferation when used as a
single agent at the same concentration; and (d) selecting the
NF-kB inhibitor as an enhancer of the P-TEFb inhibitor if the
compound combination inhibits cell survival or proliferation
to a greater extent than does the P-TEFb inhibitor when used
as a single agent at the same concentration.

The invention further provides a method for testing the
ability of a compound combination to inhibit inflammation,
comprising (a) contacting one or more test cells with a
P-TEFb inhibitor and a NF-kB inhibitor; and (b) assessing an
inflammatory or immune response of the one or more test
cells. In some embodiments the one or more test cell(s) com-
prise immune system cell(s). In some embodiments the one or
more test cell(s) comprise mammalian cells. In some embodi-
ments the method comprises comparing the effect of the
compound combination on one or more immune system cells
with the effect of the compound combination on one or more
non-immune system cells. In some embodiments the method
further comprises: (¢) comparing the ability of the compound
combination to inhibit an inflammatory or immune response
with the ability of the P-TEFb inhibitor to inhibit an inflam-
matory or immune response when used as a single agent at the
same concentration; and (d) selecting the NF-kB inhibitor as
an enhancer of the P-TEFb inhibitor if the compound combi-
nation inhibits an inflammatory or immune response to a
greater extent than does the P-TEFb inhibitor when used as a
single agent at the same concentration. In some embodi-
ments, an inflammatory or immune response comprises
secretion of one or more cytokines, chemokines, prostaglan-
dins, TNF alpha, or other inflammatory mediators, e.g., in
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response to a stimulus. In some embodiments, an inflamma-
tory or immune response comprises a change in gene expres-
sion.

The practice of the present invention will typically employ,
unless otherwise indicated, conventional techniques of
molecular biology, cell culture, recombinant nucleic acid
(e.g., DNA) technology, immunology, nucleic acid and
polypeptide synthesis, detection, manipulation, and quantifi-
cation, and RNA interference that are within the skill of the
art. See, e.g., Ausubel, F., et al., (eds.), Current Protocols in
Molecular Biology, Current Protocols in Immunology, Cur-
rent Protocols in Protein Science, and Current Protocols in
Cell Biology, all John Wiley & Sons, N.Y., edition as of
December 2008; Sambrook, Russell, and Sambrook, Molecu-
lar Cloning: A Laboratory Manual, 37 ed., Cold Spring Har-
bor Laboratory Press, Cold Spring Harbor, 2001; Harlow, E.
and Lane, D., Antibodies—A Laboratory Manual, Cold
Spring Harbor Laboratory Press, Cold Spring Harbor, 1988.
Further information on cancer may be found in Cancer: Prin-
ciples and Practice of Oncology (V. T. De Vitaetal., eds., J. B.
Lippincott Company, 7th ed., 2004 or 8th ed., 2008) and
Weinberg, R A, The Biology of Cancer, Garland Science,
2006. All patents, patent applications, publications, refer-
ences, databases, websites, etc., cited in the instant patent
application are incorporated by reference in their entirety. In
the event of a conflict or inconsistency with the specification,
the specification shall control. The Applicants reserve the
right to amend the specification based on any of the incorpo-
rated references and/or to correct obvious errors. None of the
content of the incorporated references shall limit the inven-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A to 1C. Genome-wide occupancy of Pol II. (A)
Occupancy of RNA Pol II (all), RNA Pol IT SerSP and RNA
Pol IT Ser2P in mES cells, as determined by ChIP-seq analy-
sis. Enrichment at a representative active gene (Rpl3;chromo-
somal coordinates Refer to Chromosome 15) and non-pro-
ductive gene (Surb7; chromosomal coordinates refer to
Chromosome 6) is shown. Genome-wide binding averages
(introns are not depicted in this representation), in 50 bp bins,
are shown for each Pol II form to display the general binding
patterns along the transcription unit from 2 kb upstream of the
transcriptional start site to 2.5 kb downstream of the end of
each annotated gene. The occupancy pattern shown for SerSP
and Ser2P is similar to previously reported ChIP analysis in
other cell types (Glover-Cutter et al., 2008; Schones et al.,
2008). (B) Schematic representation describing the calcula-
tion used to determine the traveling ratio (TR) at each Pol 11
bound gene in mES cells. The promoter proximal bin is
defined using a fixed window from —-30 bp to +300 bp around
the annotated start site. The transcribed region (gene body)
bin is from +300 bp to the annotated end. The TR is then
calculated as the ratio of Pol II density in the promoter proxi-
mal bin by the Pol II density in the transcribed region bin. (C)
Distribution of the percent of Pol 1T bound genes with a given
TR. Approximately 91% of genes have a TR greater than 2,
indicating the vast majority of Pol Il bound genes have more
Pol Il in the promoter proximal region compared to the down-
stream transcribed region. See also FIG. 9.

FIGS. 2A-2D. P-TEFbD inhibition prevents release of pro-
moter proximal Pol II. (A) mES cells were treated with 1 uM
flavopiridol for the indicated time. Extracts were analyzed by
Western blot using antibodies against Pol II Ser2P, Spt5,
Cdk9 and Brgl (used as a loading control). ** indicates
higher molecular weight Spt5 species, most likely the phos-
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phorylated C-terminal repeat form as reported in (Yamada et
al., 2006), that is flavopiridol sensitive. * indicates lower
molecular weight Spt5 species. See also FIG. 10A. (B) RNA
PollII (all) ChIP-seq analysis in mES cells treated with control
(DMSO for 60 minutes, black) or flavopiridol (1 pM for 60
minutes, red). This panel shows the changes in Pol II occu-
pancy at four example actively transcribed genes following
flavopiridol treatment, demonstrating how Pol II remains
occupied in the promoter proximal region but is depleted in
the transcribed region. See also FIG. 10B. (C) Pol II traveling
ratio distribution in flavopiridol-treated and control-treated
mES cells using the same analysis as described in FIG. 1C for
active genes (Pol Il bound with H3K79me2-modified nucleo-
somes). Higher TR values indicate a higher degree of paus-
ing. A general shift to the right shows a trend in active genes
getting a higher TR following flavopiridol treatment, thus
becoming more paused. (D) Pol II traveling ratio distribution
for non-productive genes in mES cells (Pol II bound but
without H3K79me2-modified nucleosomes), demonstrating
that the TR distribution remains relatively the same for non-
productive genes whether treated with control or flavopiridol.

FIGS. 3A to 3D. DSIF and NELF co-occupy most genes
with Pol II. (A) Binding of Pol II (all), NelfA (NELF subunit),
Spt5 (DSIF subunit) and Ctr9 (PAF1 subunit) using ChIP-seq
analysis at a representative active gene (Rpl3), and non-pro-
ductive gene (Surb7) in mES cells. Genome-wide binding
averages (introns are not depicted in this representation), in
50 bp bins, are shown for each factor to display the general
binding patterns along the transcription unit of RefSeq genes,
from 2 kb upstream of the transcriptional start site to 2.5 kb
downstream of the end of each annotated gene. (B) Heatmap
representation of ChIP-seq binding for Pol II (all; grey),
NelfA (orange), Spt5 (green) and H3K4me3 (purple) at all
mouse RefSeq genes, rank ordered from most Pol II to lowest
Pol II. The indicated color means enrichment and white
means no enrichment show the correlation between Pol 1I
enrichment and enrichment for these factors. See also FIG. 11
(C) Spatial distribution of the distance of Spt5, NelfA and
H3K4me3 peaks from the promoter proximal Pol II peak at
each enriched Pol I1 gene, demonstrating that Spt5 and NelfA
occupancy generally overlaps with Pol Il peaks. (D) ChIP-seq
binding plots showing Pol II (all), Spt5 (DSIF), NelfA
(NELF), elongation-associated chromatin modification
(H3K79me2) and TSSa-RNA reads (Seila et al., 2008) that
map to this genomic region at a bidirectional initiated gene
(Hsd17b12) and unidirectional initiated gene (Rpl6). Red
TSSa-RNA arrows represent RNA species that map in the
antisense direction to the Hsd17b12 gene, and blue TSSa-
RNA arrows represent RNA species that map in the sense
direction to the Hsd17b12 and Rpl6 genes.

FIGS. 4A to 4C. DSIF knockdown alters Pol II occupancy
at many genes. (A) Spt5 protein levels following shRNA-
mediated Spt5 knockdown in mES cells as determined by
Western blot using an antibody against Spt5 (left). NelfA
protein levels following shRNA-mediated NelfA knockdown
in mES cells as determined by Western blot using an antibody
against NelfA (right). $-Tubulin protein levels are used as a
loading control. (B) RNA Pol II (all) ChIP-seq binding den-
sity in shControl (black), shSpt5 (orange) and shNelfA (blue)
mES cells analysis at five active genes in mES cells. (C)RNA
PolII TR calculations in shControl, shSpt5 and shNelfA mES
cells using the same analysis as described in FIG. 1C, show-
ing that many genes become less paused following Spt5
knockdown and a more subtle change following NelfA
knockdown. Lower TR values indicate a lower degree of
pausing. Therefore, a shift in TR curve to the left indicates a
general trend is to become less paused. See also FIG. 12.
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FIG. 5A 10 5C. c-Myc target genes are enriched in actively
transcribed genes and c-Myc/Max associates with P-TEFb in
mES cells. (A) Co-immunoprecipitation experiments in mES
cells using antibodies against IgG (to measure background
binding), or endogenous c-Myc, Max, Cdk9, and CycTl.
Proteins were immunopreipicated from mES cell lysates and
analyzed by Western blot analysis by probing for Max, Cdk9
and CycT1. (B) Heatmap representation illustrating the tran-
scriptional state of c-Myc, Oct4, and Nanog target genes in
mES cells, as determined by Pol 11 Ser5P, H3K4me3 (initia-
tion-associated chromatin modification), H3K79me2 (elon-
gation-associated chromatin modification) and H3K27me3
(repressive chromatin modification). Each target gene set was
rank ordered based on the amount of Pol I bound at each
gene, from the highest amount of Pol II to the lowest amount
and the enrichment of the indicated chromatin modification
or Pol Il is displayed from -2.5 kb to +3 kb surrounding each
annotated transcription start site. Blue indicates enrichment
and white indicates no enrichment. (C) c-Myc target genes
have lower TR values than non-target genes. Histograms were
made for the number of genes with a given TR values for high
confidence c-Myc target genes and non-target genes. Genes
with lower TR values have less pausing than genes with
higher TR values.

FIGS. 6A to 6E. c-Myc inhibition effects transcription at
the pause release step. (A) RNA was extracted from mES
cells treated with 10058-F4 or vehicle alone (DMSO) for 6
hours and used to generate cDNA using reverse transcription.
Expression change was calculated for 10058-F4 treated cells
compared vehicle alone control for two non-c-Myc target
genes (Brgl, Rnf2-green) and five c-Myc target genes (Bax,
Nol5, Z{p451, Breca2 and Atic—blue) from two independent
experiments. Error bars represent s.d. from triplicate qPCR
reactions. (B) mES cells were treated with 10058-F4 for
either 1.5, 6 or 12 hours. Extracts were analyzed using West-
ern blot using antibodies against Pol II Ser2P CTD, Pol II
Ser5P CTD and Cdk9 to determine the levels of the modified
forms of Pol II. TBP was used as a loading control. (C) Pol II
ChIP-seq binding profiles in mES cells treated with 10058-F4
(c-Myc/Max inhibitor; blue), vehicle alone (black), or fla-
vopiridol (P-TEFb inhibitor; red). Pol IT occupancy is shown
for three c-Myec target genes (Ncl, Npm1 and Nol5) and two
non-cMyc target gene (Txnip and Chpf2). Cells were treated
with 10058-F4 or DMSO for 6 hours. See also FIG. 14. (D)
Average Pol II binding plots for the high confidence cMyc
targets and non-c-Myc target genes in no drug (black), and
10058-F4 treatment (blue). The left panel shows the entire
gene average. The right panel is a close up of the transcribed
region to show the difference in amounts of elongating Pol 11
density under the different conditions. Also included in the
right panel for comparison is elongating Pol II density fol-
lowing flavopiridol treatment (red). (E) Pol II traveling ratio
(TR) as described in FIG. 1C for the high confidence c-Myc
target genes and non-c-Myc target genes following 10058-F4
treatment (blue) or no drug (black). The left panel is the TR
for the c-Myc targets and right panel is the TR for non-c-Myc
targets. Higher TR values indicate a higher degree of pausing
in this gene set.

FIGS. 7A to 7C. Oct4 shutdown reduces Pol 11 initiation at
Oct4-dependent genes. (A) Oct4 protein levels in ZHBTc4
(doxycycline-inducible Oct4 knockdown cells) mES cells
following O, 12 or 24 hours of doxycycline treatment.
Extracts were probed with antibodies against Oct4 and Brgl
was used as a loading control. (B) Pol II ChIP-seq binding
profiles in ZHBTc4 mES cells at Oct4 target genes following
the indicated time of doxycycline treatment, inducing Oct4
knockdown. Of note, the Oct4 bound genes change Pol II
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occupancy in both the promoter proximal region and the
transcribed region. The panel to the right shows Pol I ChIP-
seq binding profiles at non-Oct4 target genes in ZHBTc4
mES cells following the indicated time of doxycycline treat-
ment, inducing Oct4 knockdown. (C) Pol II traveling ratio
(TR) as described in FIG. 1C for the high confidence Oct4-
dependent genes and Oct4 non-target genes in ZHBTc4 cells
after either 0 or 12 hrs of doxycycline treatment. The left
panel is the TR for the Oct4 targets and right panel is the TR
for non-Oct4 targets.

FIGS. 8A to 8F are a table showing the top 200 c-Myc
target genes and 200 non-c-Myc target genes as determined
by c-Myc binding using ChIP-Seq in mES cells.

FIGS. 9A to 9B. Example genes with varying traveling
ratios. (A) A plot of the percent of Pol I bound genes with the
indicated TR value or less. Each example gene depicted
below is shown in red. (B) Gene plots showing the Pol II
occupancy at a given gene and the corresponding TR value to
provide the reader with a general idea of how Pol II occu-
pancy at a gene is related to TR. There is a very small corre-
lation (R"2=0.17) between gene length and TR, but gene
length normalized versions of the TR produce no meaningful
changes to our results.

FIGS. 10A to 10B. Flavopiridol treatment in mES cells
results in loss of phosphorylation at P-TEFb targets. (A) mES
cells were treated with the indicated flavopiridol concentra-
tion or DMSO alone (-), for 60 minutes. Nuclear extracts
were analyzed by Western blot using specific antibodies
against Ser2P Pol II, Ser5P Pol II, Spt5, Cdk9 and Brgl
(loading control). **—higher molecular weight SptS5 species,
most likely the phosphorylated C-terminal repeat form as
reported in (Yamada et al., 2006), that is flavopiridol sensi-
tive. *—lower molecular weight Spt5 species. (B) Pol 11
density at the gene end (region defined by +/-1 kb from the 3'
end ofthe gene) is plotted from mES cells treated with DMSO
versus flavopiridol for all active, non-overlapping genes. The
vast majority of genes have reduced Pol Il occupancy in this
region following P-TEFb inhibition.

FIG. 11A to 11C. DSIF and NELF co-occupy Pol Il in the
promoter proximal region following P-TEFb inhibition. SptS5,
NelfA and Pol II ChIP-seq occupancy is highly correlative.
(A) Pairwise correlation analysis of Spt5, NelfA and Pol 11
(all) ChIP-seq occupancy in mES cells. This demonstrates
that Spt5 and NelfA ChIP-seq occupancy positively corre-
lates with Pol IT occupancy. (B) Western blot analysis of mES
cells treated with 1 mM flavopiridol or control for 60 minutes
prior. Nuclear extracts were analyzed with specific antibodies
against Ser2P Pol 11, Spt5, Cdk9 and Brgl (loading control).
**__higher molecular weight Spt5 species, most likely the
phosphorylated C-terminal repeat form, that is flavopiridol
sensitive. *—lower molecular weight SptS5 species. (C) Aver-
age gene binding for NelfA and Spt5 following 1 mM fla-
vopiridol (red) or control (black) for 60 minutes in mES cells.
The average ChIP-chip enrichment was determined in each
bin (250 bp) in each condition and plotted from —4 kb to +2
kb

FIGS. 12A to 12G. Spt5 associates with chromatin follow-
ing NelfA knockdown and NelfA associates with chromatin
following Spt5 knockdown. Spt5 and NelfA knockdown
cause a decrease in promoter-proximal Pol II occupancy at a
subset of genes. (A) Individual gene examples of NelfA bind-
ing in shControl (blue) and shSpt5 (red) mES cells using
ChIP-chip. (B) Average gene binding for NelfA in shControl
(blue) and shSpt5 (red) mES cells. The average NelfA enrich-
ment was determined in each bin (250 bp) in each cell type
and plotted from —4 kb to +2 kb. (C) Individual gene examples
of Spt5 binding in shControl (blue) and shNelfA (red) mES
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cells using ChIP-chip. Fold enrichment is plotted over the
indicated chromosomal region. (D) Average gene binding for
Spt5 in shControl (blue) and shNelfA (red) mES cells. The
average Spt5 enrichment was determined in each bin (250 bp)
in each cell type and plotted from -4 kb to +2 kb. (E) Pol II TR
analysis at active genes in mES cells following shControl
(black), shSpt5 (orange) and shNelfA (blue) knockdown.
Lower TR values indicate a lower degree of pausing. There-
fore, a shift in TR curve to the left indicates a general trend in
this gene class to become less paused. This plot shows that Pol
II occupancy at active genes is altered most dramatically
following Spt5 knockdown compared to NelfA knockdown,
which causes very minimal effects at this gene class. (F) Pol
II'TR analysis at non-productive genes in mES cells following
shControl (black), shSpt5S (orange) and shNelfA (blue)
knockdown. Lower TR values indicate a lower degree of
pausing. Therefore, a shift in TR curve to the left indicates a
general trend in this gene class to become less paused. This
plot shows that Pol II occupancy at non-productive genes is
altered following both Spt5 and NelfA knockdown. However,
a stronger effect occurs following Spt5 knockdown, as shown
by the larger shiftin TR curve. Taking FIG. S4E and FIG. S4F
together, we find that 1) Spt5 knockdown effects Pol I occu-
pancy both active and non-productive genes, 2) NelfA knock-
down mainly effects Pol II occupancy at non-productive
genes and 3) Spt5 knockdown has a more dramatic effect on
Pol IT occupancy than NelfA knockdown. (G) RNA Pol II (all)
ChIP-seq occupancy at three non-productive genes in mES
cells in shControl (black), shSpt5 (orange) or shNelfA (blue).
Pol II occupancy in the promoter proximal region is reduced
at many non-productive genes following Spt5S or NelfA
knockdown, which is thus responsible for the shift in TR in
FIG. 12F.

FIGs. 13A to 13C. c-Myc occupies regions close to the
TSS. (A) c-Myc and Oct4 binding at active genes ordered by
amount of binding at the promoter (c-Myc+/-1 kb, Oct4 +/-5
kb). Target (black) and non-target (grey) gene sets are demar-
cated, which were used for subsequent analysis on Pol II
ChIP-seq occupancy. (B) c-Myc (red) ChIP-seq occupancy is
close to the TSS and the average Pol II promoter proximal
peak (black). (C) Distribution of the canonical E-Box core
sequence motif (CACGTG), which is recognized by c-Myec,
near the TSS.

FIGS. 14A to 14F. Max occupies c-Myc binding sites and
Pol Il occupancy is altered in the transcribed region following
c-Myc shRNA knockdown. (A) Max ChIP enrichment in
mES cells at seven c-Myc binding sites (Prdx1, Josd3, Actb,
Eeflgl, Nol5, Mat2a and Ybx1) and one non c-Myc binding
site (Gatal). Max ChIP DNA was analyzed using qPCR at the
selected binding sites and enrichment was calculated for rep-
licate PCR reactions over input DNA at each region. This
demonstrates that Max binds to c-Myc binding sites in mES
cells, consistent with a model where c-Myc and Max het-
erodimerize and bind the same sites. Error bars represent s.d
from duplicate PCR reactions. (B) Protein levels of P-TEFb
components Cyclin T1 and Cdk9 with and without 10058-F4
treatment for 6 hours. Protein extracts were analyzed using
Western blots and probed with antibodies against CycT1 and
Cdk9. TBP was used as a loading control. This analysis dem-
onstrates that the phenotype observed following 10058-F4
treatment (similar to P-TEFb inhibition with flavopiridol) is
not a result of decreased levels of P-TEFb. (C) Levels of
c-Myc mRNA levels in mES cells infected with sh Control or
sh c-Myc shRNA constructs. ES cells were infected for 24
hours, then selected for 72 hours prior to harvesting. c-Myc
levels were determined using RT-PCR analysis and normal-
ized against a Gapdh control. (D) Levels of c-Myc protein
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levels in mES cells infected with sh Control or sh ¢-Myc
shRNA constructs. ES cells were infected for 24 hours, then
selected for 72 hours prior to harvesting. c-Myc levels were
determined using Western blot analysis using an antibody
against c-Myc. Brgl is used as a loading control. (E) Pol II
ChIP-seq binding plots in mES cells with sh Control or sh
c-Myec at three c-Myec target genes (Npm1™, Ncl, and Nol5)
and two non c-Myc taget genes (Txnip and Nanog). This
panel is demonstrating that at these genes c-Myc knockdown
has a similar phenotype to 10058-F4 treatment where Pol 11
density is reduced in the gene body and the density in the
promoter proximal region is unaffected. (F) TR analysis on
c-Myec target genes in mES cells+sh Control (black) and sh
c-Myec (blue), displaying the percent of genes with a given
TR. This analysis shows that genes generally become more
paused following c-Myc shRNA knockdown, as indicated by
the shift in TR to the right.

FIGS. 15A to 15C. Traveling ratio plots for Pol II in two
different control ChIP-seq datasets. (A) Traveling ratios plots
for Pol 1T occupancy in two mES control datasets (mES cells+
shControl (from shNelfA and shSpt5 experiment) and mES
cells+DMSO). (B) Traveling ratio as a function of gene
expression, finding no statistically significant correlation
between TR and gene expression. (C) Amount of Pol I Ser2P
in the gene end region (+/-1 kb from the 3' end of gene) as a
function of gene expression, finding a weak correlation
between the two.

DETAILED DESCRIPTION OF CERTAIN
EMBODIMENTS OF THE INVENTION

1. Widespread Promoter-Proximal Pausing and its Regula-
tion by ¢-Myc

Regulation of transcription is fundamental to the control of
cellular gene expression programs. Recruitment of the RNA
polymerase II (Pol II) transcription initiation apparatus to
promoters by specific DNA binding transcription factors is
generally recognized as a key regulatory step in selective
transcription at most eukaryotic genes. Additional regulatory
steps can occur subsequent to recruitment of the transcription
apparatus, and these are known to play important roles in
controlling the expression of a subset of genes.

For example, elongation is regulated at least in part by
interactions between Pol I and transcription elongation fac-
tors. The largest subunit of Pol II contains a C-terminal
domain (CTD) that is modified at various stages of the tran-
scription process. Pol II is recruited into the preinitiation
complex with a hypophosphorylated CTD, the CTD is phos-
phorylated on Serine 5 (Ser5) during initiation and then on
Serine 2 (Ser2) during elongation. Positive elongation factor
b (P-TEFD) is an enzyme complex containing cyclin-depen-
dent kinase 9 (CDK9) and a cyclin (cyclin T1, T2a, T2b, or
K).P-TEFb is responsible for phosphorylating the Pol IICTD
onSer2. Ser2-phosphorylated Pol Il predominates in the body
of a gene during productive elongation.

Promoter-proximal pausing of Pol II is a post-initiation
regulatory event that has been well-studied at a small number
of genes. “Promoter-proximal pausing” is used herein to refer
to a state in which Pol II is bound to a promoter-proximal
region but such binding does not result in productive elonga-
tion effective to generate a full length transcript. Promoter-
proximal pausing can include events such as attenuation,
stalling, poising, abortive elongation and promoter-proximal
termination. In some aspects, promoter-proximal pausing
refers to a state in which the forward movement of elongation-
competent transcription complexes is temporarily blocked.
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The Drosophila heat shock protein 70 (Hsp70) gene is
regulated through both recruitment of the initiation apparatus
and promoter-proximal pausing prior to the transition to elon-
gation (Gilmour and L is, 1986; O’Brien and L is, 1991;
Rougvie and L is, 1988). Paused Pol Il molecules can also be
detected in some human genes, including Myc, p21, $-globin
and cad, in the absence of transcriptional activation (Bentley
and Groudine, 1986; Eberhardy and Farnham, 2001, 2002;
Espinosa etal., 2003; Sawado et al., 2003). At genes regulated
through promoter-proximal pausing, the DRB-sensitivity
inducing factor (DSIF) and negative elongation factor
(NELF) generate a Pol II pause just downstream of the tran-
scription start site (TSS) prior to elongation (Peterlin and
Price, 2006; Wada etal., 1998a; Wu et al., 2003; Yamaguchi et
al., 1999).

As described herein, using murine ES cells as a model
system, the inventors have shown that promoter-proximal Pol
II pausing occurs at a large population of genes, including at
genes that are actively and fully transcribed. Further, it was
discovered that the proto-oncogene c-Myc binds to approxi-
mately a third of actively transcribed genes and plays a key
role in pause release at these genes via binding to and recruit-
ment of P-TEFb. ¢-Myc is a transcription factor that is
expressed in proliferating cells in response to mitogenic
stimulation and becomes rapidly down regulated during cel-
Iular senescence or differentiation (Eilers and Eisenman,
2008; Meyer and Penn, 2008). Upon stimulation of prolifera-
tion, c-Myc is quickly re-expressed and stimulates cell
growth. This tightly coupled regulation of c-Myc expression
becomes deregulated in many cancers. c-Myc can also sub-
stantially enhance the efficiency of reprogramming of fibro-
blasts to induced pluripotent stem cells (Maherali et al., 2007,
Takahashi et al., 2007; Takahashi and Yamanaka, 2006;
Wernig et al., 2007). In ES cells, c-Myc occupies genes
involved in these processes, similar to its target genes in other
cell types (Chen et al., 2008; Kidder et al., 2008; Kim et al.,
2008).

The invention encompasses the recognition that c-Myc
binds to P-TEFb and plays a key role in Pol I pause release in
proliferating cells, including at genes that are likely to play
important roles in driving cell proliferation in diseases such as
cancer that are characterized by aberrant or unwanted cell
proliferation. The inventors’ results suggest, among other
things, that tumor cells that overexpress c-Myc, and cells that
have experienced forced expression of c-Myc in reprogram-
ming experiments, have enhanced expression of proliferation
and metabolic genes due to the role of c-Myc in regulation of
Pol II pause release at these target genes. The invention pro-
vides new insight into the mechanisms by which cell prolif-
eration is controlled and identifies release of Pol II from
promoter-proximal pausing (“pause release”) as an important
step in gene expression that can be modulated, e.g., inhibited,
through the use of various agents such as small molecules and
short interfering siRNA (siRNA), for a variety of purposes.
For example, and without limitation, drugs that reduce the
rate of Pol II pause release may help counteract the effects of
c-Myc overexpression. In some aspects, the invention relates
to targeting promoter-proximal pause release for treatment of
disease, e.g., proliferative discase.

The invention provides a new approach to modulating, e.g.,
inhibiting, expression of c-Myc target genes, e.g., for inhib-
iting cell proliferation or survival or for other purposes. In
some embodiments, expression of c-Myc target genes is
inhibited for therapeutic purposes. In one aspect, the inven-
tion provides a method of inhibiting a c-Myc target gene in a
cell comprising contacting the cell with a c-Myc inhibitor and
a second compound, wherein the second compound inhibits
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pause release. In some embodiments, the second compound
inhibits pause release by inhibiting P-TEFb. The methods
may be used in vitro or in vivo, e.g., as described elsewhere
herein, e.g., fortreatment of disease, e.g., treatment of disease
associated with aberrant c-Myc function, e.g., deviation of
c-Myec function in a cell or subject relative to that found in a
control, e.g., a normal, healthy cell or subject, which devia-
tion contributes to a disease. In some embodiments, aberrant
c-Myec function comprises increased c-Myc function. Insome
embodiments, aberrant c-Myc function comprises c-Myc-
mediated transcription in cells wherein such transcription
does not normally occur.

In some aspects, the invention relates to nuclear factor-
kappa B (NF-kB). In some aspects, the invention relates to the
role of NF-kB in regulating, e.g., promoting, pause release at
its target gene(s), e.g., by recruiting a positive elongation
factor, e.g., p-TEFb to such genes. The invention encom-
passes the recognition that inhibiting the ability of NF-kB to
recruit P-TEFD to target genes would provide a means to
maintain these genes in a nonproductive state. In some
aspects, the invention relates to stimulus-induced NF-kB.
NF-kB comprises a highly conserved family of dimeric tran-
scription factors which act to broadly influence gene expres-
sion events associated with innate and adaptive immune
responses, inflammation, cell growth, proliferation, and sur-
vival (Hayden, M. S, and S. Ghosh, Cell, 2008, 132(3):344-
62). NF-kB is the nuclear effector of a network of proteins
(sometimes termed the NF-kB signaling module) that
respond to a wide range of extracellular stimuli in most, if not
in all, cells (Hoffmann, A., et al., Science, 2002, 298(5596):
1241-5). The core components of NF-kB pathway include the
IkB kinases (IKKs), the inhibitory kB proteins (IkBs), and the
NF-kB family of transcription factors. The NF-kB transcrip-
tion factor family consists of five members, p50, p52, p65
(RelA), c-Rel, and RelB, encoded by NF-kB1, NF-kB2,
RELA, REL, and RELB, respectively, which share an N-ter-
minal Rel homology domain (RHD) responsible for DNA
binding and homo- and heterodimerization. The NF-kB1 and
NF-kB2 proteins are synthesized as large precursors, p105,
and p100, which undergo processing to generate the mature
NF-kB subunits, p5S0 and p52. NF-kB dimers bind to kB
consensus sequences 5' GGGRNWYYCC 3' (N—any base;
R—purine; W—adenine or thymine; and Y—pyrimidine)
(SEQ ID NO: 1) within the promoters and enhancers of target
genes and regulate transcription through the recruitment of
coactivators and corepressors (Hoffmann, A., G. Natoli, and
G. Ghosh, 2006. 25(51): p. 6706-16). In unstimulated cells,
NF-kB dimers are sequestered in the cytoplasm by a family of
inhibitors, called IkBs (Inhibitor of kB). There proteins mask
the nuclear localization signals (NLS) of NF-kB proteins and
thereby keep them sequestered in an inactive state in the
cytoplasm. The kB family includes IkBa, IkBf, IkBe, and
Bce1-3, of which the major IkB protein is IkBa.. The C-termi-
nal halves of p105 and p100 can also function as IkB proteins.
Activation of the NF-kB pathway is often initiated by the
stimulus-induced degradation of IkB proteins. This occurs
often via activation of IkB kinase (IKK). IKK is composed of
a heterodimer of the catalytic IKK alpha and IKK beta sub-
units and a regulatory protein often referred to as NEMO
(NF-kB essential modulator) or IKK gamma. When activated
by signals, usually coming from the outside of the cell, the
IKK phosphorylates two serine residues located in an IkB
regulatory domain. When phosphorylated on these serines
(e.g., serines 32 and 36 in human IkBa), the IkB inhibitor
molecules are modified by ubiquitination, which leads to their
degradation by the proteasome. The NF-kB complex is then
able to enter the nucleus where it can activate the expression
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of genes that have appropriate DNA-binding sites. NF-kB
target genes include a wide variety of cytokines and chemok-
ines and their modulators, immunoreceptors, proteins
involved in antigen presentation, cell adhesion molecules,
acute phase proteins, stress response genes, cell-surface
receptors, regulators of apoptosis, growth factors, ligands and
their modulators, early response genes, transcription factors
and regulators thereof, and others. The particular genes acti-
vated may differ, e.g., in different cell types or cell states.
Activation of the genes then leads to the one or more physi-
ological responses, e.g., an inflammatory or immune
response, a cell survival response, and/or cellular prolifera-
tion. NF-kB signaling is involved in a wide variety of diseases
in which inflammatory or immune responses are a contribut-
ing factor.

In some aspects, the invention provides a new approach to
modulating, e.g., inhibiting, expression of NF-kB target
genes, e.g., for inhibiting cell proliferation or survival, inhib-
iting inflammation, or for other purposes. In some embodi-
ments, expression of NF-kB target genes is inhibited for
therapeutic purposes, e.g., to treat any disease or disorder in
which NF-kB activation plays a role, such as an inflammatory
disease, autoimmune disease, or proliferative disease, e.g.,
cancer. In one aspect, the invention provides a method of
inhibiting an NF-kB target gene in a cell comprising contact-
ing the cell with a NF-kB inhibitor and a second compound,
wherein the second compound inhibits pause release. In some
embodiments, the second compound inhibits pause release by
inhibiting P-TEFb. The methods may be used in vitro or in
vivo, e.g., as described elsewhere herein, e.g., for treatment of
disease, e.g., treatment of disease associated with aberrant
NF-kB function, e.g., deviation of NF-kB function in a cell or
subject relative to that found in a control, e.g., a normal,
healthy cell or subject, which deviation contributes to a dis-
ease. In some embodiments, aberrant NF-kB function com-
prises increased NF-kB function. In some embodiments,
aberrant NF-kB function comprises NF-kB-mediated tran-
scription in cells wherein such transcription does not nor-
mally occur. In some embodiments, NF-kB function is acti-
vated by exposure to a stimulus, e.g., a pathogen, particle or
environmental component (e.g, in dust or cigarette smoke),
pharmaceutical agent, biological or chemical agent, pollut-
ant, stress, etc. In some embodiments, an individual who has
been exposed to such stimulus is treated according to the
invention

In some embodiments, the invention provides methods of
modifying cell type. In various embodiments, a cell type can
be any of the distinct forms of cell found in the body of a
normal, healthy adult vertebrate, e.g., a mammal (e.g., a
mouse of human) or avian. Typically, different cell types are
distinguishable from each other based on one or more struc-
tural characteristics, functional characteristics, gene expres-
sion profile, proteome, secreted molecules, cell surface
marker (and/or other marker) expression (e.g., CD mol-
ecules), oracombination of any of these. In general, members
of'a particular cell type display at least one characteristic not
displayed by cells of other types or display a combination of
characteristics that is distinct from the combination of char-
acteristics found in other cell types. Members of the cell type
are typically more similar to each other than they are to cells
of different cell types. See, e.g., Young, B., et al., Wheater’s
Functional Histology: A Text and Colour Atlas, 5th ed.
Churchill Livingstone, 2006, or Alberts, B., et al, Molecular
Biology of the Cell, 4" ed, (2002) or 5% edition (2007), Gar-
land Science, Taylor & Francis Group, for exemplary cell
types and characteristic features thereof.
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In some embodiments, a cell is of a cell type that is typi-
cally classified as a component of one of the four basic tissue
types, i.e., connective, epithelial, muscle, and nervous tissue.
In some embodiments of the invention, a cell is a connective
tissue cell. Connective tissue cells include storage cells (e.g.,
brown or white adipose cells, liver lipocytes), extracellular
matrix (ECM)-secreting cells (e.g., fibroblasts, chondrocytes,
osteoblasts), and blood/immune system cells such as lympho-
cytes (e.g., T lymphocytes, B lymphocytes, or plasma cells),
granulocytes (e.g., basophils, eosinophils, neutrophils), and
monocytes. In some embodiments ofthe invention, acell is an
epithelial cell. Epithelial cell types include, e.g., gland cells
specialized for secretion such as exocrine and endocrine glan-
dular epithelial, and surface epithelial cells such as keratiniz-
ing and non-Keratinizing surface epithelial cells. Nervous
tissue cells include glia cells and neurons of the central or
peripheral nervous system. Muscle tissue cells include skel-
etal, cardiac, and smooth muscle cells. Many of these cell
types can be further divided. For example, T lymphocytes
include helper, regulatory, and cytotoxic T cells. Cell types
can be classified based on the germ layer from which they
originate. In some embodiments, a cell is of endodermal
origin. In some embodiments, a cell is of mesodermal origin.
In some embodiments, a cell is of ectodermal origin. Cell
types can be classified based on the germ layer from which
they originate. In some embodiments, a cell is of endodermal
origin. In some embodiments, a cell is of mesodermal origin.
In some embodiments, a cell is of ectodermal origin. In some
embodiments, acell typeis a stem cell, e.g., an adult stem cell.
Exemplary adult stem cells include hematopoietic stem cells,
neural stem cells, and mesenchymal stem cells. In some
embodiments, a cell type is a mature, differentiated cell type.
In some embodiments a cell is an adipocyte (e.g., white fat
cell or brown fat cell), cardiac myocyte, chondrocyte, endot-
helial cell, exocrine gland cell, fibroblast, hair follicle cell,
hepatocyte, keratinocyte, macrophage, monocyte, melano-
cyte, neuron, neutrophil, osteoblast, osteoclast, pancreatic
islet cell (e.g., a beta cell), skeletal myocyte, smooth muscle
cell, B cell, plasma cell, T lymphocyte (e.g., regulatory, cyto-
toxic, helper), or dendritic cell.

In some embodiments, the invention provides methods of
modifying cell state. In some aspects, cell state reflects the
fact that cells of a particular type can exhibit variability with
regard to one or more features and/or can exist in a variety of
different conditions, while retaining the features of their par-
ticular cell type and not gaining features that would cause
them to be classified as a different cell type. The different
states or conditions in which a cell can exist may be charac-
teristic of a particular cell type (e.g., they may involve prop-
erties or characteristics exhibited only by that cell type and/or
involve functions performed only or primarily by that cell
type) or may occur in multiple different cell types. Sometimes
a cell state reflects the capability of a cell to respond to a
particular stimulus or environmental condition (e.g., whether
ornot the cell will respond, or the type of response that will be
elicited) or is a condition of the cell brought about by a
stimulus or environmental condition. Cells in different cell
states may be distinguished from one another in a variety of
ways. For example, they may express, produce, or secrete one
or more different genes, proteins, or other molecules (“mark-
ers”), exhibit differences in protein modifications such as
phosphorylation, acetylation, etc., or may exhibit differences
in appearance. Thus a cell state may be a condition of the cell
in which the cell expresses, produces, or secretes one or more
markers, exhibits particular protein modification(s), has a
particular appearance, or will or will not exhibit one or more
biological response(s) to a stimulus or environmental condi-
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tion. Markers can be assessed using methods well known in
the art, e.g., gene expression can be assessed at the mRNA
level using Northern blots, cDNA or oligonucleotide microar-
rays, or sequencing (e.g., RNA-Seq), or at the level of protein
expression using protein microarrays, Western blots, flow
cytometry, immunohistochemistry, etc. Modifications can be
assessed, e.g., using antibodies that are specific for a particu-
lar modified form of a protein, e.g., phospho-specific antibod-
ies, or mass spectrometry.

One example of cell state reflects the condition of cell (e.g.,
amuscle cell or adipose cell) as either sensitive or resistant to
insulin. Insulin resistant cells exhibit decreased response to
circulating insulin; for example insulin-resistant skeletal
muscle cells exhibit markedly reduced insulin-stimulated
glucose uptake and a variety of other metabolic abnormalities
that distinguish these cells from cells with normal insulin
sensitivity.

Another example of a cell state is proliferation state. For
example, a cell could be in a state of proliferation or a state of
arrest. In the case of proliferation, modifying cell state can
refer to causing a cell in a state of arrest to start proliferating
or causing a cell that is proliferating to enter a state of arrest
or apoptosis or necrosis. In one aspect, inhibition of cell
proliferation may refer to the prevention of proliferation of a
non-proliferating cell (maintenance of a non-proliferating
state) and/or the process of inhibiting the proliferation of a
proliferating cell (process of effecting a proliferation state
change). In other aspects, a cell state is a disease-associated
state or a normal state.

Another example of cell state is “activated” state as com-
pared with “resting” or “non-activated” state. Many cell types
in the body have the capacity to respond to a stimulus by
modifying their state to an activated state. The particular
alterations in state may differ depending on the cell type
and/or the particular stimulus. A stimulus could be any bio-
logical, chemical, or physical agent to which a cell may be
exposed. A stimulus could originate outside an organism
(e.g., a pathogen such as virus, bacteria, or fungi (or a com-
ponent or product thereof such as a protein, carbohydrate, or
nucleic acid, cell wall constituent such as bacterial
lipopolysaccharide, etc) or may be internally generated (e.g.,
a cytokine, chemokine, growth factor, or hormone produced
by other cells in the body or by the cell itself). For example,
stimuli can include interleukins, interferons, or TNF alpha.
Immune system cells, for example, can become activated
upon encountering foreign (or in some instances host cell)
molecules. Cells of the immune adaptive immune system can
become activated upon encountering a cognate antigen (e.g.,
containing an epitope specifically recognized by the cell’s T
cell or B cell receptor) and, optionally, appropriate co-stimu-
lating signals. Activation can result in changes in gene expres-
sion, production and/or secretion of molecules (e.g., cytok-
ines, inflammatory mediators), and a variety of other changes
that, for example, aid in defense against pathogens but can,
e.g., if excessive, prolonged, or directed against host cells or
host cell molecules, contribute to diseases. Fibroblasts are
another cell type that can become activated in response to a
variety of stimuli (e.g., injury (e.g., trauma, surgery), expo-
sure to certain compounds including a variety of pharmaco-
logical agents, radiation, etc.) leading them, for example, to
secrete extracellular matrix components. In the case of
response to injury, such ECM components can contribute to
wound healing. However, fibroblast activation, e.g., if pro-
longed, inappropriate, or excessive, can lead to a range of
fibrotic conditions affecting diverse tissues and organs (e.g.,
heart, kidney, liver, intestine, blood vessels, skin) and/or con-
tribute to cancer. The presence of abnormally large amounts
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of ECM components can result in decreased tissue and organ
function, e.g., by increasing stiffness and/or disrupting nor-
mal structure and connectivity.

In some embodiments, the method is of use to treat, e.g., a
metabolic, neurodegenerative, inflammatory, auto-immune,
proliferative, infectious, cardiovascular, musculoskeletal, or
other disease. It will be understood that diseases can involve
multiple pathologic processes and mechanisms and/or affect
multiple body systems. Discussion herein of a particular dis-
ease in the context of a particular pathologic process, mecha-
nism, cell state, cell type, or affected organ, tissue, or system,
should not be considered limiting. For example, a number of
different tumors (e.g., hematologic neoplasms such as leuke-
mias) arise from undifferentiated progenitor cells and/or are
composed largely of undifferentiated or poorly differentiated
cells that retain few if any distinctive features characteristic of
differentiated cell types. These tumors, which are sometimes
termed undifferentiated or anaplastic tumors, may be particu-
larly aggressive and/or difficult to treat. In some embodi-
ments of the invention, a method of the invention is used to
modify such cells to a more differentiated state, which may be
less highly proliferative and/or more amenable to a variety of
therapies, e.g., chemotherapeutic agents. In another embodi-
ment, an inventive method is used to treat insulin resistance
which occurs, for example, in individuals suffering from type
11 diabetes and pre-diabetic individuals. It would be beneficial
to modify the state of insulin-resistant cells towards a more
insulin-sensitive state, e.g., for purposes of treating individu-
als who are developing or have developed insulin resistance.
In another embodiment, an inventive method is used to treat
obesity.

Many inflammatory and/or autoimmune conditions may
occur at least in part as a result of excessive and/or inappro-
priate activation of immune system cells. Autoimmune dis-
eases include, e.g., Graves disease, Hashimoto’s thyroiditis,
myasthenia gravis, rheumatoid arthritis, sarcoidosis,
Sjogren’s syndrome, scleroderma, ankylosing spondylitis,
type I diabetes, vasculitis, and lupus erythematosus. Further-
more, immune-mediated rejection is a significant risk in
organ and tissue transplantation. Inflammation plays a role in
a large number of diseases and conditions. Inflammation can
be acute (and may be recurrent) or chronic. In general, inflam-
mation can affect almost any organ, tissue, or body system.
For example, inflammation can affect the cardiovascular sys-
tem (e.g., heart), musculoskeletal system, respiratory system
(e.g., bronchi, lungs), renal system, (e.g., kidneys), eyes, ner-
vous system, gastrointestinal system (e.g., colon), integu-
mentary system (e.g., skin), musculoskeletal system (e.g.,
joints, muscles), resulting in a wide variety of conditions and
diseases. Chronic inflammation is increasingly recognized as
animportant factor contributing to atherosclerosis and degen-
erative diseases of many types. Inflammation influences the
microenvironment around tumours and contributes, e.g., to
tumor cell proliferation, survival and migration. Epidemio-
logical studies have demonstrated that chronic inflammation
predisposes individuals to various types of cancer and an
estimated 15-20% of all cancer deaths can be attributed to
sustained infections and inflammatory responses (Balkwill,
F. and A. Mantovani, Lancet, 2001, 357(9255): 539-45).
Likewise, many non-infectious conditions of chronic inflam-
mation increase the risk and accelerate the progression of
tumor development (Naugler, W. E. and M. Karin, Curr Opin
Genet Dev, 2008, 18(1): p. 19-26). Hallmarks of cancer-
related inflammation include the presence of inflammatory
cells and inflammatory mediators (chemokines, cytokines
and prostaglandins) in tumour tissues, tissue remodeling and
angiogenesis similar to that seen in chronic inflammatory
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responses, and tissue repair. Furthermore, chronic inflamma-
tion can eventually lead to fibrosis.

Exemplary inflammatory diseases include, e.g., adult res-
piratory distress syndrome (ARDS), atherosclerosis (e.g.,
coronary artery disease, cerebrovascular disease), allergies,
asthma, cancer, demyleinating diseases, dermatomyositis,
inflammatory bowel disease (e.g., Crohn’s disease, ulcerative
colitis), inflammatory myopathies, multiple sclerosis, glom-
erulonephritis, psoriasis, pancreatitis, rheumatoid arthritis,
sepsis, vasculitis (including phlebitis and arteritis, e.g., pol-
yarteritis nodosa, Wegener’s granulomatosis, Buerger’s dis-
ease, Takayasu’s arteritis, etc.). In some embodiments, a
method of'the invention is used to modify immune cell state to
reduce activation of immune system cells involved in such
conditions and/or render immune system cells tolerant to one
or more antigens. In one embodiment, dendritic cell state is
altered. Promoting immune system activation using a method
of the invention (e.g., in individuals who have immunodefi-
ciencies or have been treated with drugs that deplete or dam-
age immune system cells), potentially for limited periods of
time, may be of benefit in the treatment of infectious diseases.

In other embodiments, activated fibroblasts are modified to
a less activated cell state to reduce or inhibit fibrotic condi-
tions or treat cancer.

Post-surgical adhesions can be a complication of, e.g.,
abdominal, gynecologic, orthopedic, and cardiothoracic sur-
geries. Adhesions are associated with considerable morbidity
and can be fatal. Development of adhesions involves inflam-
matory and fibrotic processes. In some embodiments, a
method of the invention is used to modify state of immune
system cells and/or fibroblasts to prevent or reduce adhesion
formation or maintenance.

In other embodiments, modifying cells to a more or less
differentiated state is of use to generate a population of cells
in vivo that aid in repair or regeneration of a diseased or
damaged organ or tissue, or to generate a population of cells
ex vivo that is then administered to a subject to aid in repair or
regeneration of a diseased or damaged organ or tissue.

In some embodiments, cell type and or cells state becomes
modified over the course of multiple cell cycle(s). In some
embodiments, cell type and/or cell state is stably modified.
For example, the modified type or state may persist for vary-
ing periods of time after the cell is no longer exposed to the
agent(s) that caused the modification. In some embodiments,
continued or at intermittent exposure to the agent(s) is
required or helpful to maintain the modified state or type.

Cells may be in living animal, e.g., a mammal, or may be
isolated cells. Isolated cells may be primary cells, such as
those recently isolated from an animal (e.g., cells that have
undergone none or only a few population doublings and/or
passages following isolation), or may be a cell of a cell line
that is capable of prolonged proliferation in culture (e.g., for
longer than 3 months) or indefinite proliferation in culture
(immortalized cells). In many embodiments, a cell is a
somatic cell. Somatic cells may be obtained from an indi-
vidual, e.g., a human, and cultured according to standard cell
culture protocols known to those of ordinary skill in the art.
Cells may be obtained from surgical specimens, tissue or cell
biopsies, etc. Cells may be obtained from any organ or tissue
of interest. In some embodiments, cells are obtained from
skin, lung, cartilage, breast, blood, blood vessel (e.g., artery
or vein), fat, pancreas, liver, muscle, gastrointestinal tract,
heart, bladder, kidney, urethra, prostate gland. Cells may be
maintained in cell culture following their isolation. In certain
embodiments, the cells are passaged or allowed to double
once or more following their isolation from the individual
(e.g., between 2-5, 5-10, 10-20, 20-50, 50-100 times, or
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more) prior to their use in a method of the invention. They
may be frozen and subsequently thawed prior to use. In some
embodiments, the cells will have been passaged or permitted
to double no more than 1, 2, 5, 10, 20, or 50 times following
their isolation from the individual prior to their use in a
method of the invention. Cells may be genetically modified or
not genetically modified in various embodiments of the
invention. Cells may be obtained from normal or diseased
tissue. In some embodiments, cells are obtained from a donor,
and their state or type is modified ex vivo using a method of
the invention. The modified cells are administered to a recipi-
ent, e.g., for cell therapy purposes. In some embodiments, the
cells are obtained from the individual to whom they are sub-
sequently administered.

A population of isolated cells in any embodiment of the
invention may be composed mainly or essentially entirely of
a particular cell type or of cells in a particular state. In some
embodiments, an isolated population of cells consists of at
least 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95%, 96%,
97%, 98%, 99%, or 100% cells of a particular type or state
(i.e., the population is at least 30%, 40%, 50%, 60%, 70%,
80%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% pure), e.g.,
as determined by expression of one or more markers or any
other suitable method.

In some aspects, the invention relates to modulation of two
or more transcriptional modulators in a cell. In some aspects,
such modulation modulates cell state and/or cell type of the
cell. A transcriptional modulator (TM) can be, e.g., any bio-
molecule or biomolecular complex that modulates, e.g.,
increases or decreases, the frequency, rate, or extent of tran-
scription of one or more genes (or transcription units). For
purposes of this invention “transcriptional modulator™ typi-
cally refers to a biomolecule produced by a cell that modu-
lates transcription in that cell. TMs are typically proteins, but
other biomolecules such as nucleic acids may also serve as
TMs. In some embodiments a TM may influence the tran-
scription of only a few genes whereas in other embodiments
aTM influences transcription of many genes. Some TMs may
be expressed by only one or a few cell types and/or in one or
a few cell states, whereas other TMs may be expressed by
many or most cell types and/or in many or most cell states. In
some embodiments, at least one TM is a transcription factor
(TF), e.g., atranscription factor that binds to DNA (optionally
in a complex such as a homodimer, heterodimer, or oligomer
with one or more other proteins) and typically in a sequence-
specific manner. In some embodiments, at least one TM is an
initiation or elongation factor. In some embodiments, at least
one of TM is a cell-type specific modulator (e.g., expressed
selectively in a subset of cell lineages, e.g., neural, hemato-
poietic, to name but a few). In some embodiments, at least one
TM is a co-activator. In general, a TM contains a domain that
binds to (or is capable of binding to) DNA and/or physically
interacts (e.g., via noncovalent binding) directly or indirectly
with one or more other biomolecule(s), e.g., other transcrip-
tional modulator(s) that bind to (or is/are capable of binding
to) DNA. Two or more molecules are considered to physically
interact in an indirect manner if they are not in direct physical
contact but are both part of a multimolecular complex or
structure comprising one or more additional molecule(s).
TMs include, e.g., transcription factors (e.g., transcription
factors that activate transcription of one or more target genes,
and transcription factors that repress transcription of one or
more target genes), transcription initiation factors, transcrip-
tion elongation factors (which may be positive transcription
elongation factors such as p-TEFb, or negative transcription
elongation factors), transcription co-activators or co-repres-
sors. For example, co-activators typically interact selectively
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and non-covalently with activating transcription factor(s) and
also with the basal transcription machinery in order to
increase the frequency, rate or extent of transcription. They
generally do not bind DNA, but may instead, for example,
mediate protein-protein interactions between activating tran-
scription factors and the basal transcription machinery.

In some embodiments, at least one TM is regulated by a
signaling pathway. A TF could be, e.g., a helix-loop-helix,
helix-turn-helix, winged helix, leucine zipper, bZIP, zinc fin-
ger, or homeodomain protein. Exemplary transcriptional
modulators are, e.g., TCF family members and Smad family
members. Exemplary signaling pathways are the Wnt signal-
ing pathway and the TGFb signaling pathway. One of skill in
the art will be aware of numerous TFs and signaling pathways
in animal cells, e.g., vertebrate cells, e.g., mammalian cells,
and will also be aware of initiation factors and elongation
factors for transcription in such cells. Transcription factors,
for example, are listed in publicly available resources and
databases such as Gene Ontology (http://www.geneontolo-
gy.org/) or DBD (www.transcriptionfactor.org) (Wilson, et al,
DBD—taxonomically broad transcription factor predictions:
new content and functionality Nucleic Acids Research 2008
doi: 10.1093/nar/gkm964). Furthermore, one of skill in the art
could readily obtain protein sequences for the proteins dis-
cussed herein and genomic and mRNA sequences encoding
such proteins, e.g., in the Entrez databases (e.g., Gene, Pro-
tein, Nucleotide databases, e.g., GenBank, RefSeq) at the
National Center for Biotechnology Information website
(http://www.ncbi.nlm.nih.gov/).

In some embodiments, the invention comprises modulat-
ing a TF that binds to a positive elongation factor, e.g.,
p-TEFb, wherein the TF recruits the positive elongation fac-
tor to a gene and promotes pause release. In some embodi-
ments, the invention comprises modulating a TF that binds to
a negative elongation factor, e.g., NELF, wherein the TF
recruits the negative elongation factor to a gene and maintains
RNA polymerase in a paused state. In some aspects, the
invention relates to identifying TFs that co-occupy genes with
a positive elongation factor, e.g., P-TEFb, or a negative elon-
gation factor, e.g., NELF. In some aspects, the invention
relates to modulating a TF that co-occupies a gene with a
positive elongation factor, e.g., P-TEFD or a negative elonga-
tion factor, e.g., NELF. In some aspects, the invention relates
to modulating pause release as a means of modifying cell state
or cell type, e.g., for therapeutic purposes. In some embodi-
ments, such modulation is accomplished by modulating a
transcription factor that recruits a positive or negative elon-
gation factor to a gene and thereby promotes pause release or
maintains RNA polymerase in a paused state, respectively.

“Modulating” a TM is typically accomplished by contact-
ing a TM with a “modifier”. Typically the contacting com-
prises contacting a cell that expresses the TM with the modi-
fier. The cell may be contacted in culture (e.g., by culturing
the cell in medium comprising the modifier) or contacted in
vivo (i.e., to a cell that is part of a living animal, e.g., by
administering the modifier to the animal). A “modifier” of a
TM can be, e.g., an inhibitor or an activator, or a compound
that in any way alters the activity or activity of c-Myc or the
second transcriptional modulator, respectively. A modifier
can be a small molecule, polypeptide, nucleic acid, lipid,
carbohydrate, inorganic compound, or other type of molecule
in various embodiments of the invention.

In some embodiments of interest, a TM is a cell-type spe-
cific TM. For example, the TM may be expressed selectively
in one or a small number of cells types relative to expression
in many or most other cell types. A cell type specific gene,
e.g., TM, need not be expressed only in a single cell type but
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may be expressed in one or several, e.g., up to about 5, or
about 10 different cell types of a vertebrate, e.g., a mammal,
e.g., a human, or in up to about 1%, 2%, or 5-10% of the
different cell types. In some embodiments a cell type specific
gene is lineage specific, e.g., it is specific to a particular
lineage (e.g., hematopoietic, neural, muscle, etc.) In some
embodiments, a cell-type specific gene is a gene that is more
highly expressed in a given cell type than in most (e.g., at least
80%, at least 90%, at least 95%, or more) or all other cell types
of that organism. Thus specificity may relate to level of
expression, e.g., a gene that is widely expressed at low levels
but is highly expressed in certain cell types could be consid-
ered cell type specific to those cell types in which it is highly
expressed. It will be understood that expression can be nor-
malized based on total mRNA expression (optionally includ-
ing miRNA transcripts) and/or based on expression of a
housekeeping gene in a cell. In some embodiments, a gene is
considered cell type specific for a particular cell type if it is
expressed at levels at least 2, 5, or at least 10-fold greater in
that cell than it is, on average, in at least 25%, at least 50%, at
least 75%, at least 90% or more of the cell types of an adult of
that species, or in a representative set of cell types. In some
embodiments, a TM of interest is one whose expression is
associated with a particular structural or functional charac-
teristic or combination thereof that is characteristic of, or a
defining feature of, a cell type or state For example, expres-
sion of the TM may be required in order for a cell to acquire
and/or maintain one or more structural and/or functional char-
acteristics that are considered essential elements or properties
that identify the cell as being of a particular cell type (cell type
or identity ) and/or that identify the cell as being in a particular
state (cell state). The TM may be one whose expression is
temporally correlated with acquisition of one or more struc-
tural and/or functional features by a cell. For example,
expression of the TM may increase as the cell acquires or
begins to exhibit or possess the structural and/or functional
feature(s) and/or expression of the TM may decrease as the
cell ceases to exhibit or possess the feature(s) (or vice versa).
The TM may be one whose expression is normally required in
order for a cell to undergo a change in cell state or type (e.g.,
to differentiate from a progenitor cell to a mature, fully dif-
ferentiated cell). For example, in the absence of the TM the
cell would not naturally undergo the change in cell state or
type (although in some embodiments the cell may undergo
such change either as a result of disease or as a result of
intervention by man), or if expression of the TM is inhibited
in a cell that expresses it, the cell may lose one or more
structural and/or functional characteristics of the cell’s type
or state.

Insome embodiments, aTM, e.g., a TF, is one that occupies
one or more active genes in a cell type of interest and/or in a
cell state of interest, optionally together with a second tran-
scriptional modulator, e.g., a positive elongation factor, e.g.,
P-TEFB. In some embodiments, a TM is one that occupies
multiple active genes in a cell type and/or cell state of interest.
In some embodiments, a TM is one that occupies one or more
active genes in a cell of a first cell type and does not occupy
one or more of those genes in a cell of a second cell type. In
some embodiments, a TM is one that occupies one or more
active genes in a cell in a first cell state and does not occupy
one or more of those genes in a cell in a second cell state. The
difference in occupancy of such gene(s) by the TM may be at
least in part responsible for the difference in cell state or cell
type. In some aspects of the invention, modulating the TM is
of'use to modify cell type, e.g., to alter a cell of a first type so
that it more closely resembles the second cell type or alters
sufficiently that it would be considered to be a cell of the
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second cell type. In some aspects of the invention, modulating
the TM is of use to modify cell state, e.g., to alter the state of
cell state in a first cell state to a second cell state. In some
embodiments, the TM is one that recruits a positive elonga-
tion factor, e.g., p-TEFb, to the region of a transcription start
site, e.g., to a promoter-proximal region, of a gene. The TM
may thus promote a transition in the gene from nonproductive
to active transcription. In some embodiments of the invention,
cell type and/or cell state is modulated at least in part by
causing nonproductive genes to become active and/or by
causing active genes to become nonproductive, e.g., by inhib-
iting pause release in a cell.

Certain aspects of the invention relate to the identification
and/or modulation of TMs that differentially occupy active
genes (e.g., the promoter-proximal region thereof) in two or
more different cell types. Certain aspects of the invention
relate to the identification and/or modulation of TMs that
differentially occupy genes (e.g., the promoter-proximal
region thereof) in two or more different cell states. In other
words, at least some genes occupied by the TM in the first cell
type or cell state are not occupied by the TM in the second cell
type or cell state and/or at least some genes occupied by the
TM inthe second cell type or cell state are not occupied by the
TM in the first cell type or cell state. In some embodiments of
the invention, the difference in occupancy by the TM is at
least in part responsible for the difference in cell type or cell
state. In some embodiments, the genes are active if occupied
by the TM and nonproductive if not occupied by the TM. In
some embodiments, modifiers (e.g., activators or inhibitors)
of'the TM can alter the activity of the genes (e.g., by causing
occupied genes to change from active to nonproductive or to
change from nonproductive to active, or causing unoccupied
genes to change from nonproductive to active). For example,
in some embodiments, inhibiting a TM that occupies an active
gene renders such gene nonproductive. In some embodi-
ments, activating a TM that does not occupy a nonproductive
gene causes the TM to occupy the gene and renders the gene
active or increases the activity of a TM at an occupied gene
and thereby causes the gene to become more active.

Active genes may be distinguished from, e.g., nonproduc-
tive genes (genes that show evidence of initiation but are not
productively transcribed because, e.g., RNA polymerase is
paused such that elongation does not occur) or inactive genes
(in which initiation has not occurred). Active genes may be
distinguished, for example, by the presence of nucleosomes
containing histones H3K4me3 (initiation-associated chroma-
tin modification) and/or H3K79me2 (elongation-associated
chromatin modification) (or other suitable chromatin modi-
fications associated with initiation and/or elongation) as
markers of transcriptional state. In some embodiments, active
genes have both H3K4me3 and H3K79me?2 chromatin modi-
fications, nonproductive genes have only H3K4me3, and
inactive genes do not have H3K4me3 or H3K79me?2.

A TM may be considered to “occupy” a gene if it is bound
directly or indirectly to DNA located within about 1000 base
pairs upstream of or downstream from a transcriptional start
site of the gene. In some embodiments, binding of a TM is
enriched between —1000 bp and about 1000 bp of a transcrip-
tional start site of one or more active genes (as compared with
average binding elsewhere in the genome). In some embodi-
ments, binding of'a TM is enriched within a promoter-proxi-
mal region, e.g., between from about 30 bp to about +300 bp
from the transcriptional start site of a gene. Binding of a TM
to DNA may be assessed, e.g., using Chip-ChIP or Chip-SEQ
(see Examples). In some embodiments, enriched binding
refers to binding at least 5, or in some embodiments at least
10-fold, as great as average binding outside a region of inter-
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est. The binding may be enriched mainly within a portion of
a particular region. In some embodiments, a distinct binding
peak may be readily observed (see, e.g., FIG. 13B). In some
embodiments, the invention relates to identifying TMs that
co-occupy one or more gene(s), e.g., active gene(s). In some
embodiments, the invention relates to identifying TMs that
co-occupy genes with a positive elongation factor, e.g.,
P-TEFB. In some embodiments, such TMs are modulated,
optionally in combination with modulating the positive elon-
gation factor.

In some aspects, the invention relates to TMs that modulate
expression of one or more target gene(s), wherein the target
gene(s) are active when occupied by the TM and are nonpro-
ductive or inactive when not occupied by the TM. In some
embodiments of interest, the gene(s) are nonproductive when
notoccupied by the TM. In some embodiments, the TM binds
to target gene DNA and recruits a pause release factor, e.g., a
positive elongation factor (e.g., p-TEFB or a different positive
elongation factor), to the gene, thereby allowing the target
gene to transition from nonproductive to active. In some
embodiments, a cell is in a first cell state when the TM is
occupying the target gene(s) (and the target gene(s) are
active), whereas the cell is in a second cell state when the TM
is not occupying the target gene(s) (and the target gene(s) are
not active, e.g., they are nonproductive). In some embodi-
ments, a cell is of a first cell type when the TM is occupying
the target gene(s) (and the target gene(s) are active), whereas
the cell is not of the first cell type when the TM is not
occupying the target gene(s) (and the target gene(s) are not
active, e.g., they are nonproductive). The cell may exhibit a
modified cell type that may or may not be highly similar or
essentially indistinguishable from a second cell type (e.g.,
based on appearance, marker expression, response to a stimu-
lus, etc.).

The first and second cell types or cell states could be any
cell type or cell state known in the art. In some embodiments
of, a first cell state is a disease-associated state, and a second
cell state is a healthy state, and the method comprises modu-
lating a TM whose inhibition or activation modifies the state
of cells of the first cell state to more closely resemble the
second cell state or to fully assume the second cell state. In
some embodiments a first cell type is a disease-associated cell
type, and the second cell type is a cell type that is not associ-
ated with disease or is more amenable to treatment than the
first cell type, and the method is used to identify a TM whose
inhibition or activation modifies the cells of the first cell type
to more closely resemble cells of the second cell type or to
become highly similar to or be fully converted into the second
celltype (i.e., become essentially indistinguishable from cells
of the second cell type.

In some aspects, the invention provides a method of iden-
tifying a TM that is a candidate modifier of cell state, the
method comprising: (a) identifying a set of genes that is active
in cells in a first cell state and nonproductive in cells of a
second cell state; and (b) identifying a TM that occupies at
least some of said genes in the first cell state but not in the
second cell state, thereby identifying a TM that is a candidate
modifier of cell state. In some aspects, the invention provides
a method of identifying a TM that is a candidate modifier of
cell type, comprising: (a) identifying a set of genes that is
active in cells of a first cell type and not active (e.g., nonpro-
ductive) in cells of a second cell type; and (b) identifying a
TM that occupies at least some of said genes in the first cell
type but not in the second cell type, thereby identifying a TM
that is a candidate modifier of cell type. In some embodi-
ments, the method comprises selecting first and second cell
types or cell states of interest prior to performing step (a) of
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the method. In some embodiments, the method comprises
obtaining cells of first and second cell types or cell states of
interest prior to performing step (a) of the method. For
example, cells in first and second cell states can be obtained
directly from a subject or cells in either or both state(s) can be
generated in vitro. In some embodiments, for example, cells
are activated in vitro by exposing them to a stimulus. In some
embodiments, steps (a), (b), or both, can be performed at least
in part using data obtained from the literature or from public
databases. In some embodiments, the steps are performed
using techniques described herein. In one aspect, a genome-
wide NF-kB regulatory network map is available for human
monocytic cells responding to bacterial lipopolysaccharide
(LPS) (Schreiber, J., et al., Proc Natl Acad Sci USA, 103(15):
5899-904, 2006. In some aspects, a method further comprises
(c) inhibiting the TM in a cell in which it is expressed (e.g.,
using .RNA interference) or expressing the TM in a cell in
which it is not otherwise expressed; and (d) determining
whether the inhibition or expression of the TM modifies cell
type and/or cell state, wherein if the inhibition or expression
of the TM modifies cell state or cell type, then the TM is
confirmed as a modifier of cell state or cell type, respectively.
If the inhibition or expression of the TM modifies cell state
and cell type, the TM is a modifier of both cell state and cell
type.

The discovery of the role of c-Myc in mediating pause
release and transcriptional regulation of a large and hereto-
fore unappreciated number of genes has broad implications
with respect to the ability to manipulate cell state through
modifying c-Myc function, e.g., using pharmacological
approaches. In some aspects, the invention relates to com-
bined modulation of transcriptional modulators, wherein at
least one of the transcriptional modulators is c-Myc. In some
aspects, the invention relates to combined modulation of tran-
scriptional modulators, wherein at least one of the transcrip-
tional modulators is p-TEFb. The invention relates, in certain
aspects, to a method of modifying cell state comprising con-
tacting a cell with a c-Myc modifier and a modifier of a second
transcriptional modulator. In some embodiments, the second
transcriptional modulator is a transcription factor (TF), e.g., a
transcription factor that binds to DNA (optionally in a com-
plex such as a homodimer, heterodimer, or oligomer with one
or more other proteins) and typically in a sequence-specific
manner. In some embodiments, the second transcriptional
modulator is an initiation or elongation factor. In some
embodiments, the second transcriptional modulator is a cell-
type specific modulator (e.g., expressed selectively in a subset
of cell lineages, e.g., neural, hematopoietic, to name but a
few). In some embodiments, the second transcriptional
modulator is a co-activator. In some embodiments, the second
transcriptional modulator is one that is regulated by a signal-
ing pathway. As noted above, a TF could be, e.g., a helix-
loop-helix, helix-turn-helix, winged helix, leucine zipper,
bZIP, zinc finger, or homeodomain protein. In some embodi-
ments, transcriptional modulators are, e.g., TCF family mem-
bers or Smad family members. In some embodiments, a
exemplary signaling pathway is the Wnt signaling pathway or
the TGFb signaling pathway. A “modifier”, e.g., of c-Myc,
NF-kB, or of a second transcriptional modulator, can be, e.g.,
an inhibitor or an activator, or a compound that in any way
alters the activity or activity of c-Myc, NF-kB, or the second
transcriptional modulator, respectively. In some embodi-
ments, the cell state that is modified is proliferation state. In
some embodiments, the method is of use to treat, e.g., a
metabolic, neurodegenerative, inflammatory, auto-immune,
proliferative, infectious, cardiovascular, musculoskeletal, or
other disease.
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In some aspects the invention provides the invention pro-
vides a method of modifying cell type, comprising contacting
a cell with a c-Myc modifier and a modifier of a second
transcriptional modulator. In some aspects the invention pro-
vides the invention provides a method of modifying cell type,
comprising contacting a cell with an NF-kB modifier and a
modifier of a second transcriptional modulator.

The invention relates at least in part to combined inhibition
of P-TEFb and c-Myc and uses thereof. In one aspect, the
invention provides a method comprising contacting a cell
with effective amounts of a P-TEFb inhibitor and a c-Myc
inhibitor. In some embodiments, the invention provides a
method of inhibiting proliferation or survival of a cell com-
prising contacting the cell with effective amounts of a
P-TEFb inhibitor and a c-Myc inhibitor. The invention further
provides a variety of compositions comprising a P-TEFb
inhibitor and a c-Myc inhibitor. In some embodiments the
composition is a pharmaceutical composition. The P-TEFb
inhibitor can be any P-TEFb inhibitor. The c-Myc inhibitor
can be any c-Myc inhibitor. In another aspect, the invention
provides a method comprising contacting a cell with effective
amounts of a P-TEFb inhibitor and an NF-kappa B (NF-kB)
inhibitor. In some embodiments, the invention provides a
method of inhibiting proliferation or survival of a cell com-
prising contacting the cell with effective amounts of a
P-TEFb inhibitor and an NF-kB inhibitor. The invention fur-
ther provides a variety of compositions comprising a P-TEFb
inhibitor and an NF-kB inhibitor. In some embodiments the
composition is a pharmaceutical composition. The P-TEFb
inhibitor can be any P-TEFDb inhibitor. The NF-kB inhibitor
can be any NF-kB inhibitor. All combinations are encom-
passed and can be applied in various aspects of the invention.
While the invention is described herein mainly in reference to
P-TEFb inhibition in combination with c-Myc inhibition and/
or in reference to P-TEFb inhibition in combination with
NF-kB inhibition, other means of inhibiting pause release are
within the scope of the invention. For example, a compound
that enhances expression or activity of a protein that promotes
pausing, such as NELF, could be used and such compositions
and methods are within the scope of the invention.

As used herein, “P-TEFb inhibitor” refers to a compound
that inhibits (reduces, decreases) the activity and/or expres-
sion of P-TEFDb. P-TEFb exists within cells both as a kinase-
active free form and a larger, kinase-inactive form that con-
tains 7Sk RNA and hexamethylene bisacetamide-induced
protein 1 (HEXIM1) or HEXIM2 and may serve as a reservoir
for the active form. Unless otherwise indicated, the term
“P-TEFb” refers to the active form. “Activity of P-TEFb” can
refer to kinase activity of P-TEFb against a substrate, e.g., the
Pol II CTD “Inhibit the activity of P-TEFb” encompasses
inhibiting kinase activity of a functional P-TEFb complex or
inhibiting formation or maintenance of a stable and/or func-
tional P-TEFb complex. In some embodiments, an activity of
p-TEFDb is binding to c-Myc. “Inhibiting expression of
P-TEFb” encompasses inhibiting expression of CDK9 and/or
inhibiting expression of a P-TEFb cyclin subunit, resulting in
decrease in the amount of functional P-TEFb relative to the
amount that would be present in the absence of the inhibitor.
Asused herein, a “c-Myc inhibitor” refers to a compound that
inhibits (reduces, decreases) the activity and/or expression of
c-Myec. In some aspects, “activity of c-Myc” refers to ability
of c-Myc (typically in a complex with Max) to bind to DNA
and activate transcription Inhibiting c-Myc activity can
encompass inhibiting formation or maintenance of c-Myc/
Max dimers, inhibiting ability of c-Myc/Max dimers to bind
to target sites in DNA, and/or inhibiting ability of c-Myc/Max
dimers to activate transcription. In some embodiments, an
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activity of c-Myc is binding to p-TEFb. As used herein, an
“NF-kB inhibitor” refers to a compound that inhibits (re-
duces, decreases) the activity and/or expression of NF-kB. In
some aspects, “activity of NF-kB” refers to ability of NF-kb
to bind to DNA and activate transcription, e.g., at least in part
by recruiting one or more co-activators Inhibiting NF-kb
activity can encompass inhibiting formation or maintenance
of NF-kB dimers, inhibiting ability of NF-kb dimers to bind
to target sites in DNA, inhibiting ability of NF-kb dimers to
recruit one or more co-activators, and/or inhibiting ability of
NF-kB to activate transcription. In some embodiments, an
activity of NF-kB is binding to p-TEFb.

Abnormal or unwanted cell proliferation or survival plays
a role in a variety of diseases and disorders (collectively
referred to herein as “proliferative diseases”). Methods and
compositions of the invention can be used in the treatment of
such diseases. The invention provides a method of treating a
proliferative disease in a subject in need thereof comprising
administering therapeutically effective amounts of a P-TEFb
inhibitor and a c-Myc inhibitor to the subject. The invention
further provides a method of treating a proliferative disease in
a subject in need thereof comprising administering therapeu-
tically effective amounts of a P-TEFb inhibitor and an NF-kB
inhibitor to the subject.

Any of a wide variety of agents (also termed “compounds™)
can be used in the inventive methods as inhibitors, e.g., as
P-TEFbD inhibitors or c-Myc inhibitors or NF-kB inhibitors.
An inhibitor could be any compound that, when contacted
with a cell, results in decreased functional activity of a mol-
ecule or complex, e.g., P-TEFb or c-Myc or NF-kB, in the
cell. An inhibitor could act directly, e.g., by physically inter-
acting with a molecule or complex to be inhibited, or a com-
ponent thereof, or indirectly such as by interacting with a
different molecule or complex required for activity of the
molecule or complex to be inhibited, or by interfering with
expression or localization. For example, inhibitors of NF-kB
frequently act on kinases or other proteins that play a role in
post-translational modifications such as phosphorylation,
sumoylation, ubiquitylation, and acetylation that can affect
the localization, stability and/or binding activity of NF-kB
proteins. In some embodiments, an NF-kB inhibitor is at least
somewhat specific to one or more forms of NF-kB.

Compounds of use in various embodiments of the inven-
tion can comprise, e.g., small molecules, peptides, polypep-
tides, nucleic acids, oligonucleotides, etc. Certain non-limit-
ing examples are presented below.

A small molecule is often an organic compound having a
molecular weight equal to or less than 2.0kD, e.g., equal to or
less than 1.5 kD, e.g., equal to or less than 1 kD, e.g., equal to
or less than 500 daltons and usually multiple carbon-carbon
bonds. Small molecules often comprise one or more func-
tional groups that mediate structural interactions with pro-
teins, e.g., hydrogen bonding, and typically include at least an
amine, carbonyl, hydroxyl or carboxyl group, and in some
embodiments at least two of the functional chemical groups.
A small molecule may comprise cyclic carbon or heterocyclic
structures and/or aromatic or polyaromatic structures substi-
tuted with one or more chemical functional groups and/or
heteroatoms. In some embodiments a small molecule satisfies
at least 3, 4, or all criteria of Lipinski’s “Rule of Five”. In
some embodiments, a compound is cell-permeable, e.g.,
within the range of typical compounds that act intracellularly,
e.g., within mammalian cells. In some embodiments, the
1IC50 of a compound, e.g., a small molecule, for a target to be
inhibited is less than or equal to about 5 nM, 10 nM, 50 nM,
100 nM, 500 nM, 1 uM, 10 uM, 50 uM, or 100 pM.
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Nucleic acids, e.g., oligonucleotides (which typically
refers to short nucleic acids, e.g., 50 nucleotides in length or
less), the invention contemplates use of oligonucleotides that
are single-stranded, double-stranded (ds), blunt-ended, or
double-stranded with overhangs, in various embodiments of
the invention. The full spectrum of modifications (e.g.,
nucleoside and/or backbone modifications), non-standard
nucleotides, delivery vehicles and systems, etc., known in the
art as being useful in the context of siRNA or antisense-based
molecules for research or therapeutic purposes is contem-
plated for use in various embodiments of the instant inven-
tion. In some embodiments a compound is an RNAi agent,
antisense oligonucleotide, or aptamer. The term “RNAi
agent” encompasses nucleic acids that can be used to achieve
RNA silencing in mammalian cells. As used herein RNA
silencing, also termed RNA interference (RNAi), encom-
passes processes in which sequence-specific silencing of
gene expression is effected by an RNA-induced silencing
complex (RISC) that has a short RNA strand incorporated
therein, which strand directs or “guides” sequence-specific
degradation or translational repression of mRNA to which it
has complementarity. The complementarity between the
short RNA and mRNA need not be perfect (100%) but need
only be sufficient to result in inhibition of gene expression.
For example, the degree of complementarity and/or the char-
acteristics of the structure formed by hybridization of the
mRNA and the short RNA strand can be such that the strand
can (i) guide cleavage of the mRNA in the RNA-induced
silencing complex (RISC) and/or (ii) cause translational
repression of the mRNA by RISC. The short RNA is often
incorporated into RISC as part of a short double-stranded
RNA (dsRNA). RNAi may be achieved artificially in eukary-
otic, e.g., mammalian, cells in a variety of ways. For example,
RNAIi may be achieved by introducing an appropriate short
double-stranded nucleic acid into the cells or expressing in
the cells a nucleic acid that is processed intracellularly to
yield such short dsRNA. Exemplary RNAi agents are a short
hairpin RNA (shRNA), a short interfering RNA (siRNA),
micrRNA (miRNA) and a miRNA precursor. siRNAs typi-
cally comprise two separate nucleic acid strands that are
hybridized to each other to form a duplex. They can be syn-
thesized in vitro, e.g., using standard nucleic acid synthesis
techniques. A nucleic acid may contain one or more non-
standard nucleotides, modified nucleosides (e.g., having
modified bases and/or sugars) or nucleotide analogs, and/or
have a modified backbone. Any modification or analog rec-
ognized in the art as being useful for RNAI, aptamers, anti-
sense molecules or other uses of oligonucleotides can be
used. Some modifications result in increased stability, cell
uptake, potency, etc. Exemplary compound can comprise
morpholinos or locked nucleic acids. In some embodiments
the nucleic acid differs from standard RNA or DNA by having
partial or complete 2'-O-methylation or 2'-O-methoxyethyl
modification of sugar, phosphorothioate backbone, and/or a
cholesterol-moiety at the 3'-end. In certain embodiments the
siRNA or shRNA comprises a duplex about 19 nucleotides in
length, wherein one or both strands has a 3' overhang of 1-5
nucleotides in length (e.g., 2 nucleotides), which may be
composed of deoxyribonucleotides. shRNA comprise a
single nucleic acid strand that contains two complementary
portions separated by a predominantly non-self-complemen-
tary region. The complementary portions hybridize to form a
duplex structure and the non-self-complementary region
forms a loop connecting the 3' end of one strand of the duplex
and the 5' end of the other strand. shRNAs can undergo
intracellular processing to generate siRNAs. In certain
embodiments the term “RNAi agent” also encompasses vec-
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tors, e.g., expression vectors, that comprise templates for
transcription of an siRNA (e.g., as two separate strands that
can hybridize), shRNA, or microRNA precursor, and can be
used to introduce such template into mammalian cells and
result in transient or stable expression thereof.

In some embodiments an RNAi agent, aptamer, antisense
oligonucleotide, other nucleic acid, peptide, polypeptide, or
small molecule is physically associated with a moiety that
increases cell uptake, such as a cell-penetrating peptide, or a
delivery agent. In some embodiments a delivery agent at least
in part protects the compound from degradation, metabolism,
or elimination from the body (e.g., increases the half-life). A
variety of compositions and methods can be used to deliver
agents to cells in vitro or in vivo. For example, compounds
can be attached to a polyalkylene oxide, e.g., polyethylene
glycol (PEG) or a derivative thereof, or incorporated into or
attached to various types of molecules or particles such as
liposomes, lipoplexes, or polymer-based particles, e.g.,
microparticles or nanoparticles composed at least in part of
one or more biocompatible polymers or co-polymers com-
prising poly(lactide-glycolide), copolyoxalates, polycapro-
lactones, polyesteramides, polyorthoesters. polyhydroxybu-
tyric acid, and/or polyanhydrides.

In some embodiments, a compound comprises a polypep-
tide. A polypeptide can be a dominant negative version of a
P-TEFb subunit or a dominant negative version of c-Myc or
Max or a dominant negative version of an NF-kB protein. A
polypeptide that binds to and inhibits P-TEFb or c-Myc or
NF-kB could be identified, e.g., using phage display.
Polypeptides may contain any of the 20 amino acids that are
naturally found in proteins and are genetically encoded
(“standard” amino acids), other amino acids that are found in
nature, and/or artificial amino acids or amino acid analogs.
One or more of the amino acids in a polypeptide may be
modified, for example, by the addition of a chemical entity
such as a carbohydrate group, a phosphate group, a fatty acid
group, an alkyl group etc.

In some embodiments a compound comprises an antibody.
The term “antibody” encompasses immunoglobulins and
derivatives thereof containing an immunoglobulin domain
capable of binding to an antigen. An antibody can originate
from any mammalian or avian species, e.g., human, rodent
(e.g., mouse, rabbit), goat, chicken, etc., or can be generated
using, e.g., phage display. The antibody may be a member of
any immunoglobulin class, e.g., IgG, IgM, IgA, IgD, IgE, or
subclasses thereof such as IgGl, IgG2, etc. In various
embodiments of the invention “antibody” refers to an anti-
body fragment such as an Fab', F(ab")2, scFv (single-chain
variable) or other fragment that retains an antigen binding
site, or a recombinantly produced scFv fragment, including
recombinantly produced fragments. An antibody can be
monovalent, bivalent or multivalent in various embodiments.
The antibody may be a chimeric or “humanized” antibody,
which can be generated using methods known in the art. An
antibody may be polyclonal or monoclonal, though mono-
clonal antibodies may be preferred. Methods for producing
antibodies that specifically bind to virtually any molecule of
interest are known in the art. In some aspects the antibody is
anintrabody, which may be expressed intracellularly. In some
embodiments a compound comprises a single-chain antibody
and a protein transduction domain (e.g., as a fusion polypep-
tide).

In some embodiments, a composition or method of the
invention employs a P-TEFb inhibitor and a c-Myc inhibitor
that are small molecules. In some embodiments, a composi-
tion or method employs a P-TEFb inhibitor and a ¢-Myc
inhibitor that each comprise a nucleic acid, e.g., RNAi agents.
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In some embodiments, a composition or method of the inven-
tion employs a P-TEFb inhibitor and an NF-kB inhibitor that
are small molecules. In some embodiments, a composition or
method employs a P-TEFb inhibitor and an NF-kB inhibitor
that each comprise a nucleic acid, e.g., RNAIi agents, e.g.,
siRNAs.

Compounds can be produced using any suitable method
known in the art. The skilled artisan will select an appropriate
method based, e.g., on the nature of the compound. The
production method can be partially or completely synthetic in
various embodiments. In some embodiments a compound (or
starting material for synthesis) is purified from an organism or
other natural source, e.g., a plant, microbe, fermentation
broth, etc. A compound of use in the invention may be pro-
vided as part of a composition, which may contain, e.g., an
ion, salt, aqueous or non-aqueous diluent or carrier, buffer,
preservative, etc. It is noted that although combined use of
compounds is of particular interest, the use of compounds
disclosed herein is not limited to their use in combination. In
some embodiments of the invention, a compound may be
used as a single agent.

II. P-TEFb Inhibitors

In some embodiments, a P-TEFb inhibitor inhibits CDK9
kinase activity. The compound may inhibit one or more addi-
tional kinases, e.g., CDKs, in addition to CDK9. Often a
kinase inhibitor acts by binding to an ATP binding pocket of
a kinase. Thus in some embodiments a CDK?9 inhibitor binds
to the ATP binding pocket of CDK9. In some embodiments
the P-TEFD inhibitor is selective for CDKs relative to many,
most, or all other kinase families. In some embodiments the
CDK inhibitor is selective for CDKs 1, 4, and 9 versus CDK2.
In some embodiments the P-TEFb inhibitor is a CDK inhibi-
tor that is selective for CDK9 versus CDK2. In some embodi-
ments the P-TEFD inhibitor is a CDK inhibitor that is selec-
tive for CDK9 versus CDK1 and CDK4. It will be appreciated
that kinase inhibitory activity is tested against CKDs in com-
plex with a preferred cyclin partner. For example, in some
embodiments CDK2 activity can be tested using cyclin A. It
will also be appreciated that a kinase assay can employ a
relevant substrate, e.g., a physiologically relevant substrate or
portion thereof comprising a phosphoryation site for the
kinase.

In some embodiments, the compound is an N-methylpip-
eridinyl, chlorophenyl flavone. In some embodiments, the
compound is flavopiridol or a flavopiridol analog. Flavopiri-
dol (-)-2-(2-Chlorophenyl)-5,7-dihydroxy-8-[ (3S,4R)-3-hy-
droxy-1-methyl-4-piperidinyl]-4H-1-benzopyran-4-one
hydrochloride is a synthetic flavone that inhibits multiple
CDKs, including CDKO. Its structure is shown below.

l\l/Ie
N
OH
HO. e}
Cl
HO e}

Flavopiridol has been shown to have antitumor activity
against various tumor cells lines and to inhibit tumor growth
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in xenograft models. It has undergone clinical trials in a
number of different cancer types including various solid
tumors and leukemias. As described further in the examples,
flavopiridol was shown to inhibit pause release. Without
wishing to be bound by theory, this may help counteract the
effects of Myc overexpression, and this may be the basis for
the therapeutic effect of flavopiridol on some tumors.

Flavopiridol analogs include compounds designed based
on flavopiridol, e.g., by moditying one or more of the rings of
the flavopiridol structure at one or more positions. In some
embodiments, a flavopiridol analog is a 2-thio or 2-oxo fla-
vopiridol analog. For example, PCT/US1997/007610
describes compounds of formula I:

@

RG
XR?
®3),

R4

wherein X is oxygen or sulfur; R', R?, R*, R* R® R® m,
and n are as defined in PCT/US1997/007610.

Additional flavopiridol analogs are disclosed in Murthi, K.
K., et al., Bioorg Med Chem Lett. 10(10):1037-41, 2000,
which describes modifications of the 3-hydroxy-1-methylpi-
peridinyl (D ring) of flavopiridol.

In some embodiments, a flavopiridol analog has the fol-
lowing structure:

Me
N
OH
HO O R
oH e}

In some embodiments R is phenyl or substituted phenyl,
e.g., halogenated phenyl. In some embodiments, R is selected
from the group consisting of: 3-chlorophenyl, 4-chlorophe-
nyl, 2-fluorophenyl, 4-fluorophenyl, 4-bromophenyl, 4-t-bu-
tylphenyl, 4-trifluoromethylphenyl, 4-hydroxyphenyl, 2-py-
ridyl, 3-pyridyl, 4-pyridyl, 4-chloro-3-pyridyl,
5-methylisoxazole, 3-vinylphenyl, 4-vinylphenyl, 2-chlo-
rophenyl, 4-fluorophenyl, 2-bromophenyl, and 3-pyridyl. In
some embodiments the compound displays increased selec-
tivity for CDK9 than does flavopiridol. See, e.g., Ali, A., etal.,
Chembiochem, 10(12):2072-80, 2009, for additional infor-
mation regarding these compound.

In some embodiments, a CDK9 inhibitor has the following
structure:
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wherein R1, R2, R3, R4, and R9 are as defined in PCT/
1B2006/052002 (WO/2007/148158). In some embodiments
(1) R1 comprises an aromatic group; (ii) R4 comprises an
R—(OH) group, wherein R is a C,_; aliphatic group; (iii) R9
comprises a C,_¢ aliphatic group, e.g, a methyl group; or (iv)
any combination of (i), (ii), and (iii). In some embodiments,
the compound may have the following structure:

OH

HO O R

HO (6]

wherein R comprises an aromatic group.

Crystal structures of P-TEFb (CDK9/cyclin T1) alone and
in a complex with flavopiridol are available (Baumli, S., et al.,
EMBO J. 27(13):1907-18, 2008). Flavopiridol was shown to
bind to the ATP binding pocket of CDK9. Structural informa-
tion can be used in the design of additional P-TEFb inhibitors
including, but not limited to, additional analogs of flavopiri-
dol. Furthermore, virtual screening can be performed using
structural information regarding diverse chemical com-
pounds to identify candidate P-TEFb inhibitors. In some
embodiments, a P-TEFb inhibitor is a compound that makes
similar intermolecular contacts with CDK9 as does flavopiri-
dol. Similar approaches can be used to design analogs of other
CDKO inhibitors.

In some embodiments, a flavopiridol analog exhibiting
reduced binding to human serum relative to flavopiridol is
used.

In some embodiments, the P-TEFb inhibitor is a purine or
purine analog, e.g., a biaryl purine analog. In some embodi-
ments, the purine analog is a 2,6,9-substituted purine analog.
In some embodiments, the compound is roscovitine, e.g.,
S-roscovitine or R-roscovitine. Unless otherwise indicated,
where roscovitine is mentioned herein, the roscovitine can be
R-roscovitine (also called Seliciclib or CYC202; 2-(R)-(1-
Ethyl-2-hydroxyethylamino)-6-benzylamino-9-isopropyl
purine). Roscovitine is a CDK inhibitor that preferentially
inhibit multiple enzyme targets including CDK1, CDK2,
CDK?7 and CDK9 and has been studied in clinical trials for
treatment of a variety of proliferative diseases.

In some embodiments the compound is a roscovatine ana-
log. Exemplary roscovitine analogs are oloumicine (2-(2-
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hydroxyethylamino)-6-benzylamino-9-methylpurine), olo-
moucine 1I (6-[(2-hydroxybenzyl)amino]-2-[[1-
(hydroxymethyl)propyl]amino]-9-isopropylpurine) and
LGR1406 (N-5-(2-aminocyclohexyl)-N-7-benzyl-3-isopro-
pyl-1(2) H-pyrazolo[4,3-d]pyrimidine-5,7-di-amine). Ros-
covitine analogs generated by introduction of an aryl ring
onto the 4-position of the C-6 benzyl amino group of rosco-
vitine, and a series of C-6 biarylmethylamino derivatives
prepared with modifications on the C-6 biaryl rings, N-9 and
C-2 positions, are described in Trova, M P, et. al., Bioorg Med
Chem Lett. 19(23):6608-12, 2009.

Many additional CDK inhibitors are known in the art that
may inhibit CDK9, optionally with at least some selectivity
relative to inhibition of one or more other CDKs. For
example, PCT/US2009/049637 (WO/2010/003133) dis-
closes compounds that are reported to inhibit CDK9. In some
aspects, the compounds have the following structure, where
R1 and R3 are as defined therein.

: @
R .
AT
)l\ \/B
F
D N N

PCT/EP2008/063715 (WO 2009047359) discloses addi-
tional compounds that are reported to inhibit CDK9. In some
aspects, the compounds have the following structure, wherein
R1, R2, Ra, and (R3), are as defined therein.

Rr2

0 N)\|A
RIJI\III)\B “

4 ®
Rll

In some embodiments, a P-TEFb inhibitor comprises an
RNAI agent (e.g., an siRNA) or an antisense oligonucleotide
that inhibits expression of a P-TEFb subunit (e.g., CDK9,
cyclin T1, T2a, T2b, or K). In some embodiments a P-TEFb
inhibitor comprises an antibody or aptamer that specifically
binds to a P-TEFb subunit. Optionally the antibody or
aptamer may bind to multiple CDKs or cyclins.

III. c-Myec Inhibitors

In some embodiments, a c-Myc inhibitor is a small mol-
ecule. In some embodiments, a c-Myc inhibitor inhibits for-
mation of c-Myc/Max heterodimers. In some embodiments, a
c-Myc inhibitor inhibits binding of c-Myc/Max to a target site
in DNA. In some embodiments a c-Myc inhibitor is relatively
specific for inhibiting transcription mediated by c-Myc rela-
tive to transcription mediated by many or most other basic
helix-loop-helix/leucine zipper transcription factors.

Various compounds that inhibit c-Myc are described in
Berg, T., Curr. Op. Chem. Biol., 12: 464-471, 2008, and
references therein. The peptide mimetic IIA6B17 is described
in Berg, T., et al., Proc Natl Acad Sci USA 99 (2002), pp.
3830-3835 and was shown to inhibit c-Myc-dependent tran-
scription in a reporter gene assay (X. Lu, et al. Oncol Rep 19
(2008), pp. 825-830.). Testing a 285 member chemical library
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derived from planar, aromatic scaffolds in a c-Myc/Max
dimerization assay led to identification of four structurally
related Myc/Max dimerization inhibitors, which also inhib-
ited DNA binding of c-Myc/Max (Y. Xu, et al. Bioorg Med
Chem 14 (2006), pp. 2660-2673.) For example, the com-
pound NY2267 strongly inhibited c-Myc-dependent onco-
genic transformation of chicken embryo fibroblasts at 20 uM,
showed selectivity over transformation mediated by v-Src or
v-Jun, but did not discriminate between transcription medi-
ated by c-Jun and c-Myc. Several compounds were selected
from a chemical library on the basis of their ability to prevent
association of the HLH-Zip domains of c-Myc and Max in a
yeast two-hybrid assay (X. Yin, et al., Oncogene 22 (2003),
pp. 6151-6159.). One, 10058-F4 (IC;,=49 pM on HLG60
cells), served as starting point for the testing of derivatives
with improved activities. One of the numerous derivatives
resulting from structural variation of the substituents on the
aromatic ring and the rhodanine moiety, the compound
28RH-NCN-1, inhibited DNA binding of c-Myc with activity
comparable to that of the parent compound, and inhibited
growth of HL60 cells with improved potency (IC5,=29 uM)
(Wang, H., et al., Mol Cancer Ther 6 (2007), pp. 2399-2408).
See also PCT/US2007/004039 (W0O/2007/098010). Screen-
ing chemical libraries for compounds that inhibited DNA
binding of c-Myec, led to discovery of the pyrazolo[1,5-a]
pyrimidine Mycrol (Kiessling, A., et al., Chem Biol 13
(2006), pp. 745-751.). Mycrol and the derivative Mycro2
were subsequently shown to inhibit c-Myc/Max dimeriza-
tion, c-Myc-dependent proliferation, gene transcription, and
oncogenic transformation. While Mycrol and Mycro2 dis-
played good specificities in vitro, they showed only weak-to-
moderate specificity for c-Myc-dependent transcription over
transcription mediated by AP-1 family proteins, which also
dimerize via leucine zippers. A follow-up screen using a
focused library of pyrazolo[1,5-a]pyrimidines led to the dis-
covery of the pyrazolo[1,5-a]pyrimidine 1 (Mycro3), which
inhibited c-Myc/Max dimerization and DNA binding with
very good selectivity in vitro, and also showed good potency
and selectivity at concentrations of 10-40 uM against c-Myc
in cellular assays (A. Kiessling, A, et al., Chem Med Chem 2
(2007), pp. 627-630.).

It can be reasoned that inhibitors of the DNA—protein
interactions between intact c-Myc/Max dimers and their
DNA recognition motif should not interfere with gene tran-
scription repressed by c-Myc, but would still block c-Myc
induced transcriptional activation. This distinction can be
used to help selectively identify compounds having this
mechanism of action. In a screen designed to identify com-
pounds that particularly aftect cells with high levels of c-Myc,
a compound termed MYRA-A, was discovered, which was
shown to inhibit Myc-regulated gene expression, oncogenic
transformation, and to induce apoptosis in a Myc-dependent
manner (H. Mo and M. Henriksson, Proc Natl Acad Sci U S A
103 (2006), pp. 6344-6349.). In a subsequent study, the same
group published an additional inhibitor of DNA binding of
c-Myc/Max family members dubbed NSC308848 (Mo, H., et
al. Cell Cycle 5 (2006), pp. 2191-2194.).

Hammoudeh, et al. (2009) identified multiple small mol-
ecule binding sites on c-Myc, facilitating use of drug design
and/or virtual screening to identify additional c-Myc inhibi-
tors.

Some exemplary small molecule c-Myc inhibitors of use in
various embodiments of the invention are shown below. In
certain embodiments of the invention analogs of any of these
compounds are used.
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In some embodiments, a c-Myc inhibitor comprises an
RNAI agent (e.g., an siRNA) or an antisense oligonucleotide
that inhibits expression of c-Myc. In some embodiments a
c-Myec inhibitor comprises an antibody or aptamer that spe-
cifically binds to c-Myec.

IV. NF-kB Modulators

An “NF-kB modulator” as used herein can be any com-
pound that modulates the synthesis, activation, translocation,
and/or DNA binding activity of NF-kB or otherwise affects
NF-kB activity. Such modulation can often involve modulat-
ing one or more proteins upstream of NF-kB in the NF-kB
pathway (e.g., a component of an NF-kB signaling module).
In some embodiments, an NF-kB modulator is an NF-kB
inhibitor, e.g., any compound that inhibits the synthesis, acti-
vation, translocation, and/or DNA binding activity of NF-kB
or otherwise downregulates or inhibits NF-kB signaling. In
some embodiments, an NF-kB modulator is an NF-kB acti-
vator, e.g., any compound that increases the synthesis, acti-
vation, translocation, and/or DNA binding activity of NF-kB
or otherwise upregulates or induces NF-kB signaling. In
some embodiments, an NF-kB inhibitor is a compound that
inhibits an NF-kB signaling module or a component thereof.
Thus as used herein, an NF-kB modulator, e.g., inhibitor,
could modulate NF-KB by intervening in the NF-kB signal-
ing pathway in any of a variety of ways, in various embodi-
ments of the invention. In some embodiments, a compound
inhibits nuclear translocation of NF-kB. In some embodi-
ments, a compound inhibits phosphorylation and degradation
of IkBa.. Reduces NF-kB activation through the formation of
conjugates with NF-kB.
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In some embodiments, an NF-kB inhibitor is a small mol-
ecule, antioxidant, peptide, small RNA or DNA, microbial or
viral protein, or engineered dominant-negative or constitu-
tively active polypeptides or peptide, decoy oligonucleotide,
etc. In some embodiments, a NF-kB inhibitor comprises an
RNAI agent (e.g., an siRNA) or an antisense oligonucleotide
that inhibits expression of one or more NF-kB genes (e.g.,
genes encoding NF-kB1, NF-kB2, RELA, REL, and/or
RELB) or NF-kB pathway genes that contribute to NF-kB
activity. In some embodiments an NF-kB inhibitor comprises
an antibody or aptamer that specifically binds to an NF-kB
protein (NF-kB1, NF-kB2, RELA, REL, and/or RELB). In
some aspects, use of a p-TEFb inhibitor in combination with
a compound can render the compound useful to inhibit NF-
kB, whereas in the absence of the p-TEFb inhibitor the com-
pound would not usefully inhibit NF-kB (e.g., because the
compound would be too non-specific and/ortoxic at the doses
or amounts required).

Exemplary compounds that may be used as NF-kB inhibi-
tors include 2-chloro-N-[3,5-di(trifluoromethyl)phenyl]-4-
(trifluvoromethyl)pyrimidine-5-carboxamide (also known as
SP-100030); 3,4-dihydro-4,4-dimethyl-2H-1 ,2-benzosel-
enazine (also known as BXT-51072); declopramide (also
known as Oxi-104); and dexlipotam. In one embodiment, an
NF-kB inhibitor is denosumab, which inhibits RANKL,
which, in turn, through its receptor RANK inhibits NF-kB. In
other embodiments, an NF-kB inhibitor is a chalcone or
derivative or analog thereof such as 3-hydroxy-4,3'4",5'-tet-
ramethoxychalcone (Srinivasan B, et al., ] Med Chem.
52(22):7228-35, 2009). In other embodiments, an NF-kB
inhibitor is a lignan (manassantins, (+)-saucernetin, (-)-sau-
cerneol methyl ether), sesquiterpene (costunolide, partheno-
lide, celastrol, celaphanol A), diterpenes (excisanin, kame-
bakaurin), triterpene (avicin, oleandrin), polyphenol
(resveratrol, epigallocatechin gallate, quercetin), or a deriva-
tive or analog thereof (Mini Rev Med Chem. 6(8):945-51,
2006). In some embodiments, an NF-kB inhibitor inhibits
NF-kappaB signaling at least in part via inhibition of Ikap-
paBalpha phosphorylation. In some embodiments, such an
NF-kB inhibitor is emetine, fluorosalan, sunitinib malate,
bithionol, narasin, tribromsalan, or lestaurtinib (Miller S C.
Biochem Pharmacol. 79(9):1272-80, 2010), or a derivative or
analog of any of these. In some embodiments, an NF-kB
inhibitor is an anti-oxidant that has been shown to inhibit
activation of NF-kB, proteasome or protease inhibitors that
inhibits Rel/NF-kB, or an IkBa phosphorylation and/or deg-
radation inhibitor. A variety of compounds reported to inhibit
one or more steps of NF-kappaB signaling are described in,
e.g., Gilmore T D, & Herscovitch M. Oncogene, 25(51):
6887-99, 2006 and/or at the following website http://people-
Jbu.edu/gilmore/nf-kb/inhibitors/index.html, incorporated
herein by reference as of Feb. 5, 2011. In some embodiments,
acompound of use is a non-steroidal anti-inflammatory agent
(e.g., sodium salicylate, S-aminosalicylic acid, ibuprofen,
sulindac, indomethacin), BAY-II, thalidomide, flavopiridol,
PS-341(bortezomib), Silibinin, Leptomycin B, Sesquiter-
pene lactones (parthenolide, ergolide), derivative of 9 ami-
noacridine (9AA): antimalarial agent, celecoxib (celebrex;

Pfizer) COX2 inhibitor, dimethylamino-parthenolide
(DMAPT), or diethylmaleate.
V. Uses

Compositions and methods of the invention may be used in
vitro and/or in vivo. This section provides non-limiting
examples of some of these uses. The inventive compositions
and methods may be particularly useful in the treatment of
neoplasms or other proliferative diseases or inflammatory
diseases in vivo. However, inventive compositions and meth-
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ods may also be used in vitro, e.g., for research or clinical
purposes (e.g., determining the susceptibility of a subject’s
disease to an inventive composition or compound combina-
tion, examining the effect of a compound combination on a
cell, elucidating a cellular pathway or process such as tran-
scription, identifying or testing additional compounds for use
in a method of the invention (e.g., screening assays)), produc-
ing cell populations for cell therapy, etc. While uses are
described herein mainly in regard to P-TEFb inhibitors,
c-Myec inhibitors, and NF-kB inhibitors, such description is
exemplary and may be applied in the context of other inven-
tive transcriptional modulator combinations and approaches
described herein.

In some embodiments a P-TEFb inhibitor is used at a
concentration that inhibits P-TEFb kinase activity by a
desired amount. The suppression, inhibition, or reduction
may be at least about 5%, 10%, 15%, 20%, 25%, 30%, 35%,
40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%,
90%, 95%, 99%, or 100% of a reference level (e.g., a control
level). One of skill in the art will be able to perform kinase
assays to measure the level of inhibition using standard meth-
ods. A reference level may be a level that exists in the absence
of the inhibitor. It will be understood that 100% inhibition is
often reduction to a background level. In some embodiments
a c-Myc inhibitor is used at a concentration that inhibits
c-Myc DNA binding and/or transcription of one or more
c-Myc target genes by a desired amount. The suppression,
inhibition, or reduction may be at least about 5%, 10%, 15%,
20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%,
70%, 75%, 80%, 85%, 90%, 95%, 99%, or 100% of a refer-
ence level (e.g., a control level). One of skill in the art will be
able to perform suitable assays to measure c-Myc DNA bind-
ing or transcription of one or more c-Myc target genes.
Optionally the assay measures transcription of a population
of c-Myc target genes. In some embodiments, a P-TEFb
inhibitor or c-Myc inhibitor, or both, is used at a concentra-
tion that reduces the amount of promoter-proximal Pol II at
one or more c-Myc target genes (or collectively at a popula-
tion of c-Myc target genes). The suppression, inhibition, or
reduction may be at least about 5%, 10%, 15%, 20%, 25%,
30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%,
80%, 85%, 90%, 95%, 99%, or 100% of a reference level
(e.g., a control level). In some embodiments a NF-kB inhibi-
tor is used at a concentration that inhibits NF-kB DNA bind-
ing activity and/or transcription of one or more NF-kB target
genes by a desired amount. The suppression, inhibition, or
reduction may be at least about 5%, 10%, 15%, 20%, 25%,
30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%,
80%, 85%, 90%, 95%, 99%, or 100% of a reference level
(e.g., a control level). One of skill in the art will be able to
perform suitable assays to measure NF-kB binding and/or
transcription of one or more NF-kB target genes. Optionally
the assay measures transcription of a population of NF-kB
target genes. In some embodiments, a P-TEFb inhibitor or
NF-kB inhibitor, or both, is used at a concentration that
reduces the amount of promoter-proximal Pol II at one or
more NF-kB target genes (or collectively at a population of
NF-kB target genes). The suppression, inhibition, or reduc-
tion may be at least about 5%, 10%, 15%, 20%, 25%, 30%,
35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%,
85%, 90%, 95%, 99%, or 100% of a reference level (e.g., a
control level).

In certain embodiments a P-TEFb inhibitor and/or c-Myc
inhibitor is used at a concentration that inhibits P-TEFb
kinase activity by a desired amount. The suppression, inhibi-
tion, or reduction may be at least about 5%, 10%, 15%, 20%,



US 9,155,724 B2

37
25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%,
75%, 80%, 85%, 90%, 95%, 99%, or 100% of a reference
level (e.g., a control level).

In certain embodiments the P-TEFb inhibitor, c-Myc
inhibitor, or both, is contacted with cells in an amount that
inhibits cell proliferation or survival by a desired amount,
e.g., by at least about 5%, 10%, 15%, 20%, 25%, 30%, 35%,
40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%,
90%, 95%, 99% of a reference level (e.g., a control level)
when used as a single agent.

In certain embodiments the P-TEFb inhibitor, NF-kB
inhibitor, or both, is contacted with cells in an amount that
inhibits an inflammatory or immune response by a desired
amount, e.g., by at least about 5%, 10%, 15%, 20%, 25%,
30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%,
80%, 85%, 90%, 95%, 99% of a reference level (e.g., a
control level) when used as a single agent.

In general, in any embodiment of the invention in which an
inhibitor is used, such inhibitor may be used at a concentra-
tion that inhibits one or more activities of its target by a
desired amount. The suppression, inhibition, or reduction
may be at least about 5%, 10%, 15%, 20%, 25%, 30%, 35%,
40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%,
90%, 95%, 99%, or 100% of a reference level (e.g., a control
level).

As used herein, “inhibit”, or “inhibition” (and similar
terms such as “reduce”, “reduction”, or “decrease’) may, or
may not, be complete. For example, cell proliferation, also
referred to as growth, may, or may not, be decreased to a state
of complete arrest for an effect to be considered one of inhi-
bition or reduction of cell proliferation. Similarly, kinase
activity or gene expression may, or may not, be decreased to
a state of complete absence of activity or expression for an
effect to be considered one of suppression, inhibition or
reduction. Furthermore, “inhibition” may comprise prevent-
ing proliferation of a non-proliferating cell and/or inhibiting
the proliferation of a proliferating cell. Similarly, inhibition
of cell survival may refer to killing of a cell, or cells, such as
by necrosis or apoptosis, and/or the process of rendering a cell
susceptible to death. The suppression, inhibition, or reduction
may be at least about 5%, 10%, 15%, 20%, 25%, 30%, 35%,
40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%,
90%, 95%, 99% of a reference level (e.g., a control level). In
some cases the level of modulation (e.g., inhibition or reduc-
tion) compared with a control level is statistically significant.
Asused herein, “statistically significant” refers to a p-value of
less than 0.05, e.g., a p-value of less than 0.025 or a p-value of
less than 0.01, using an appropriate statistical test (e.g,
ANOVA, t-test, etc.).

In certain embodiments, the survival and/or proliferation
of'a cell or cell population is determined by an assay selected
from: a cell counting assay, a replication labeling assay, a cell
membrane integrity assay, a cellular ATP-based viability
assay, a mitochondrial reductase activity assay, a caspase
activity assay, an Annexin V staining assay, a DNA content
assay, a DNA degradation assay, and a nuclear fragmentation
assay. Other exemplary assays include BrdU, EdU, or
H3-Thymidine incorporation assays; DNA content assays
using a nucleic acid dye, such as Hoechst Dye, DAPI, Acti-
nomycin D, 7-aminoactinomycin D or Propidium lodide;
Cellular metabolism assays such as AlamarBlue, MTT, XTT,
and CellTitre Glo; Nuclear Fragmentation Assays; Cytoplas-
mic Histone Associated DNA Fragmentation Assay; PARP
Cleavage Assay; TUNEL staining; and Annexin staining.

In some aspects, the invention provides a method of inhib-
iting pause release at a plurality of Myc target genes in a cell
comprising contacting the cell with a P-TEFb inhibitor and a
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c-Myc inhibitor. In some embodiments, pause release is
inhibited at at least 50, at least 100, at least 500, or at least
1000 c-Myc target genes, e.g., as assessed by the traveling
ratio (TR), described further in the Examples, wherein higher
TR values indicate a higher degree of pausing, e.g., a lower
degree of pause release. In some embodiments, a c-Myc
target gene is among the 1000 genes that show the greatest
c-Myc occupancy of the promoter region. In some embodi-
ments a non-c-Myc target gene is among the 50 genes, 100
genes, 500 genes, or 1,000 genes that show the lowest c-Myc
occupancy of the promoter region. In some embodiments a
set of c-Myc target genes consists of between 5 and 1,000
genes, or any intervening number. Occupancy of the promoter
region can be determined, e.g., using ChIP-Seq. One of skill
in the art can also select a set of c-Myc target genes or
non-c-Myec target genes using, e.g., information available in
the literature or other experimental approaches. A c-Myc
target gene can contain an E box or sequence recognizably
related to an E box. It will be understood that a set of c-Myc
target genes or non-c-Myec target genes can differ depending,
e.g., on factors such as the cell type, whether the cell is a
diseased cell or a normal cell, etc. When calculating a TR or
occupancy, an average TR or occupancy for a plurality of
genes (e.g., c-Myc target genes or non-c-Myc target genes)
can be used. FIG. 8 presents non-limiting representative sets
of c-Myc target and non-c-Myc target genes, respectively, in
mES cells. One of skill in the art will appreciate that these sets
of genes are exemplary. Other genes and sets of genes could
be used if desired, e.g., to assess the effect of a P-TEFDb
inhibitor, c-Myc inhibitor, or combination thereof, or for
other purposes. In some embodiments, such sets could con-
tain, e.g., up to between about 3,000-4,000 genes. In some
embodiments, a set of c-Myc target genes and/or non-c-Myc
target genes is generated for a cell of interest, e.g., a tumor
cell. Similar methods are provided for NF-kB target genes,
employing an NF-kB inhibitor and a p-TEFb inhibitor.

In some embodiments in any aspect of the invention, the
cell is contacted with a P-TEFDb inhibitor at a concentration
that does not substantially inhibit pause release at a set of
non-c-Myec target genes when the cell is contacted with the
P-TEFD inhibitor in the absence of a c-Myc inhibitor. For
example, the TR at a set of non-c-Myc target genes can be
increased by less than 5%, or less than 10%. In some embodi-
ments the TR is increased by less than 20% at a set of non-c-
Myc target genes. In some embodiments in any aspect of the
invention, the cell is contacted with a P-TEFb inhibitor at a
concentration that does not substantially inhibit pause release
at a set of c-Myc target genes when the cell is contacted with
the P-TEFb inhibitor in the absence of a c-Myc inhibitor. For
example, the TR at a set of c-Myc target genes can be
increased by less than 5%, or less than 10%. In some embodi-
ments the TR is increased by less than 20% at a set of c-Myc
target genes. Similar methods are provided for NF-kB target
genes, employing an NF-kB inhibitor and a p-TEFb inhibitor.

Cells can be contacted with compounds for various periods
of time. In certain embodiments cells are contacted for
between 12 hours and 20 days, e.g., for between 1 and 10
days, for between 2 and 5 days, or any intervening range or
particular value. Cells can be contacted transiently or con-
tinuously. If desired, a compound can be removed prior to
assessing survival and/or proliferation (or other characteris-
tics). A composition comprising a P-TEFb inhibitor and a
c-Myec inhibitor can be used to inhibit cell proliferation or
survival in vitro, e.g., to assess the sensitivity of a subject’s
cells to the compound combination. Compounds can be used
to identify or select P-TEFb inhibitors and/or c-Myc inhibi-
tors that may have particularly favorable properties for use in
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certain aspects ofthe invention. For example, librar(ies) com-
prising P-TEFb inhibitors and/or c-Myc inhibitors can be
tested to identify compound combination(s) with particularly
strong synergistic effects. Compound combinations of the
invention can be used to study processes such as transcription.

In certain embodiments of any aspect of the invention, the
cell is a vertebrate cell, e.g., a mammalian cell, e.g., a human
cell. In certain embodiments the cell is a non-human animal
cell, e.g., a rodent cell, e.g., mouse, rat, or rabbit cell. In
certain embodiments the cell is one that proliferates aber-
rantly in a proliferative disease. In some embodiments the cell
is a tumor cell. In some embodiments the tumor cell is a
cancer stem cell. In certain embodiments the cell is a primary
cell. In certain embodiments the cell comprises an infectious
agent, e.g., a virus, or a portion thereof (e.g., a portion of a
viral genome). In some embodiments the cell overexpresses
c-Myec, relative to a normal cell. In some embodiments the
cell, e.g., tumor cell, expresses a mutated c-Myc or has an
amplified or mutated c-Myc gene or polymorphic variant that
is associated with increased risk of a disease, e.g., a prolif-
erative disease.

In some aspects, the invention relates to or makes use of
genetically modified cells e.g., cells that have been geneti-
cally modified to render them tumorigenic. A “genetically
modified” or “engineered” cell refers to a cell into which a
nucleic acid has been introduced by a process involving the
hand of man (or a descendant of such a cell that has inherited
atleast a portion of the nucleic acid). The nucleic acid may for
example contain a sequence that is not naturally found in the
cell, it may contain native sequences (i.e., sequences naturally
found in the cell) but in a non-naturally occurring arrange-
ment (e.g., a coding region linked to a promoter from a dif-
ferent gene), or altered versions of native sequences, etc. The
process of transferring the nucleic acid into the cell can be
achieved by any suitable technique and will often involve use
of'a vector (e.g., as discussed below). In some embodiments
the nucleic acid or a portion thereof is integrated into the
genome of the cell and/or is otherwise stably heritable. The
nucleic acid may have subsequently been removed or excised
from the genome, provided that such removal or excision
results in a detectable alteration in the cell relative to an
unmodified but otherwise equivalent cell. For example, the
cell may have been engineered to overexpress an oncogene, to
express a mutant version of an oncogene, and/or to have
reduced or absent expression of a tumor suppressor gene.

In certain embodiments a method comprises measuring the
effect of contacting a cell with a P-TEFb inhibitor and a
c-Myc inhibitor on cell proliferation or survival. The cell can
be contacted in vitro or in vivo. Optionally the method com-
prises comparing the effect of the combination with the effect
of'one of the agents in the absence of the other agent. In some
embodiments the method comprises comparing the effect of
the compound combination with a control value. In some
embodiments the method comprises comparing the effect of a
compound combination on a tumor cell or other aberrantly
proliferating cell with the effect on a normal cell. In some
embodiments the method comprises comparing the effect of a
compound combination on a tumor with the effect on normal
proliferating cells in the same subject. In certain embodi-
ments of the invention a compound combination displays
selective activity (e.g., selective inhibition of survival and/or
proliferation, selective toxicity) against target cells (e.g.,
abnormally proliferating cells or other undesired cells) rela-
tive to its activity against non-target cells. For example, the
1C50 of a compound may be about 2, 5, 10, 20, 50, 100, 250,
500, or 1000-fold lower for target cells versus non-target
cells. In some embodiments, the IC50 of a compound may be
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about 2, 5, 10, 20, 50, 100, 250, 500, or 1000-fold lower for
cancer cells than for non-cancer cells.

In some embodiments a compound combination of the
invention is administered to a non-human subject, e.g., a
non-human mammal, e.g., a rodent such as a mouse, rat,
hamster, rabbit, or guinea pig; a dog, a cat, a bovine or ovine,
anon-human primate, etc. In some embodiments, the subject
may serve as an animal model for a proliferative disease, e.g.,
cancer. For example, the subject may have a tumor xenograft
ormay be injected with tumor cells or have a predisposition to
develop tumors. In some embodiments the animal is immu-
nocompromised. The non-human animal may be useful for
assessing effect of an inventive compound combination on
tumor formation, development, progression, metastasis, etc.
In some embodiments the animal is used to assess efficacy
and/or toxicity of a compound combination. Methods known
in the art can be used for such assessment. In some embodi-
ments, a compound combination of the invention is adminis-
tered for veterinary purposes, e.g., to treat a vertebrate, e.g.,
domestic animal such as a dog, cat, horse, cow, sheep, etc. In
some embodiments the animal is ovine, bovine, equine,
feline, or canine. In some embodiments the vertebrate is an
avian.

In some aspects, the invention relates to or makes use of
genetically modified multi-cellular organisms. An organism
at least some of whose cells are genetically engineered or that
is derived from such a cell is considered a genetically engi-
neered organism. Such an organism may be a non-human
mammal. In some embodiments, the organism may serve as
an animal model for cancer. For example, the subject may be
a genetically engineered non-human mammal, e.g., a mouse,
that has a predisposition to develop tumors. The mammal may
overexpress an oncogene (e.g., as a transgene) or underex-
press a tumor suppressor gene (e.g., the animal may have a
mutation or deletion in the tumor suppressor gene).

In some aspects, a cell or organism is genetically modified
using a suitable vector. As used herein, a “vector” may com-
prise any of a variety of nucleic acid molecules into which a
desired nucleic acid may be inserted, e.g., by restriction
digestion followed by ligation. A vector can be used for
transport of such nucleic acid between different environ-
ments, e.g., to introduce the nucleic acid into a cell of interest
and, optionally, to direct expression in such cell. Vectors are
often composed of DNA although RNA vectors are also
known. Vectors include, but are not limited to, plasmids and
virus genomes or portions thereof. Vectors may contain one or
more nucleic acids encoding a marker suitable for use in the
identifying and/or selecting cells that have or have not been
transformed or transfected with the vector. Markers include,
for example, proteins that increase or decrease either resis-
tance or sensitivity to antibiotics or other compounds,
enzymes whose activities are detectable by standard assays
known in the art (e.g., f-galactosidase or alkaline phos-
phatase), and proteins or RNAs that detectably affect the
phenotype of transformed or transfected cells (e.g., fluores-
cent proteins). An expression vector is one into which a
desired nucleic acid may be inserted such that it is operably
linked to regulatory elements (also termed “regulatory
sequences”, “expression control elements”, or “expression
control sequences”) and may be expressed as an RNA tran-
script (e.g., an mRNA that can be translated into protein or a
noncoding RNA such as an shRNA or miRNA precursor).
Regulatory elements may be contained in the vector or may
be part of the inserted nucleic acid or inserted prior to or
following insertion of the nucleic acid whose expression is
desired. As used herein, a nucleic acid and regulatory ele-
ment(s) are said to be “operably linked” when they are
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covalently linked so as to place the expression or transcription
of'the nucleic acid under the influence or control of the regu-
latory element(s). For example, a promoter region would be
operably linked to a nucleic acid if the promoter region were
capable of effecting transcription of that nucleic acid. One of
skill in the art will be aware that the precise nature of the
regulatory sequences needed for gene expression may vary
between species or cell types, but can in general include, as
necessary, 5' non-transcribed and/or 5' untranslated
sequences that may be involved with the initiation of tran-
scription and translation respectively, such as a TATA box,
cap sequence, CAAT sequence, and the like. Other regulatory
elements include IRES sequences. Such 5' non-transcribed
regulatory sequences will include a promoter region that
includes a promoter sequence for transcriptional control of
the operably linked gene. Regulatory sequences may also
include enhancer sequences or upstream activator sequences.
Vectors may optionally include 5' leader or signal sequences.
Vectors may optionally include cleavage and/or polyadeny-
lations signals and/or a 3' untranslated regions. The choice
and design of an appropriate vector and regulatory element(s)
is within the ability and discretion of one of ordinary skill in
the art. For example, one of skill in the art will select an
appropriate promoter (or other expression control sequences)
for expression in a desired species (e.g., a mammalian spe-
cies) or cell type. One of skill in the art is aware of regulatable
(e.g., inducible or repressible) expression systems such as the
Tet system and others that can be regulated by small mol-
ecules and the like, as well as tissue-specific and cell type
specific regulatory elements. In some embodiments, a virus
vector is selected from the group consisting of adenoviruses,
adeno-associated viruses, poxviruses including vaccinia
viruses and attenuated poxviruses, retroviruses (e.g., lentivi-
ruses), Semliki Forest virus, Sindbis virus, etc. Optionally the
virus is replication-defective. In some embodiments a repli-
cation-deficient retrovirus (i.e., a virus capable of directing
synthesis of one or more desired transcripts, but incapable of
manufacturing an infectious particle) is used. Various tech-
niques may be employed for introducing nucleic acid mol-
ecules into cells. Such techniques include transfection of
nucleic acid molecule-calcium phosphate precipitates, trans-
fection of nucleic acid molecules associated with DEAE,
transfection or infection with a virus that contains the nucleic
acid molecule of interest, liposome-mediated transfection,
nanoparticle-mediated transfection, and the like.

The invention encompasses testing a plurality of com-
pounds, e.g., a compound library, to identify compound(s)
that have similar effects on Pol II occupancy of promoter-
proximal regions as does a P-TEFb inhibitor or a c-Myc
inhibitor. Such compounds can be used for a variety of pur-
poses, e.g., in methods described herein. In some embodi-
ments, such screens can yield new inhibitors of P-TEFb and/
or c-Myc. In some embodiments, a screen is performed to
identify compounds that inhibit binding of P-TEFb and
c-Myec. In some embodiments, such a compound is used in
combination with second P-TEFb or c-Myc inhibitor. Com-
pounds to be screened can come from any source, e.g., natural
product libraries, combinatorial libraries, libraries of com-
pounds that have been approved by the FDA or another health
regulatory agency for use in treating humans, etc. The method
may encompass performing high throughput screening. In
some embodiments at least 100; 1,000; or 10,000 compounds
are tested. Compounds identified as “hits” can then be tested
in directed assays, e.g., to assess their effect on P-TEFb
and/or c-Myec activity or expression, cell proliferation, etc.
Compounds identified as having a useful effect can be
selected and systematically altered, e.g., using rational
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design, to optimize binding affinity, avidity, specificity, or
other parameters. For example, one can screen a first library
of compounds using the methods described herein, identify
one or more compounds that are “hits” or “leads” (by virtue
of, for example, their ability to inhibit metastasis), and subject
those hits to systematic structural alteration to create a second
library of compounds structurally related to the hit or lead.
The second library can then be screened using the methods
described herein or other methods known in the art. A com-
pound can be modified or selected to achieve (i) improved
potency, (ii) decreased toxicity and/or decreased side effects;
(iii) modified onset of therapeutic action and/or duration of
effect; and/or (iv) modified pharmacokinetic parameters (ab-
sorption, distribution, metabolism and/or excretion).

The invention provides methods of determining whether a
compound combination comprising a P-TEFb inhibitor and a
c-Myec inhibitor (e.g., any of the P-TEFb inhibitors and/or
c-Myec inhibitors described herein) is suitable therapy for a
subject in need of treatment, e.g., for a proliferative disease.
In some embodiments, cells are obtained from a subject in
need of treatment, e.g., for a proliferative disease, and con-
tacted with a P-TEFb inhibitor and a c-Myc inhibitor. The
ability of the compound combination to inhibit cell prolifera-
tion and/or survival is assessed. [fthe compound combination
significantly inhibits cell proliferation and/or survival in con-
centrations correlating with those that are acceptable and
achievable in vivo, the compound combination is a suitable
therapy for the subject (or, said another way, the subject is a
suitable candidate for treatment with the compound combi-
nation). Results of such an assay may be useful for selecting
a therapeutic regimen for a subject, e.g., for selecting a dose.

Compounds can be used or administered in a single dose or
multiple doses, e.g., regularly for example, 1, 2, 3, or more
times a day, weekly, bi-weekly, or monthly. In some embodi-
ments, a compound is administered continuously to the sub-
ject(e.g., by release from an implant, pump, sustained release
formulation, etc.). The dose administered can depend on mul-
tiple factors, including the identity of the compound, weight
of the subject, frequency of administration, etc.

In certain embodiments, compositions and compound
combinations of the present invention are provided for use in
medicine, e.g., for treating a subject in need thereof. The
subject may be suffering from a disease (e.g., a proliferative
disease such as a cancer) warranting medical and/or surgical
attention and/or may be at increased risk of developing a
disease relative to an average member of the population and/
or in need of prophylactic therapy. In certain embodiments,
the compositions and/or methods are used in the treatment of
aproliferative disease, e.g., a disease characterized by abnor-
mal, aberrant, or unwanted cell proliferation. In some
embodiments, the proliferative disease is selected from the
group consisting of benign neoplasms, cancer, inflammatory
disease, auto-immune disease, and angiogenesis-associated
diseases.

In some embodiments a disease treated according to the
instant invention is a disease associated with increased c-Myc
function, e.g., as a result of increased expression of c-Myc
and/or activating mutation(s) or polymorphisms in the c-Myc
gene. c-Myc function could be assessed, e.g., by measuring
expression of one or more c-Myc target genes. Suitable meth-
ods for such measurement are known in the art (e.g., Northern
blots, RT-PCR, microarrays, RNA-Seq, etc.). Increased
expression of c-Myc could be due, e.g., to gene amplification,
mutation or polymorphism in regulatory region(s) of the
c-Myc gene, dysregulation of factor(s) driving c-Myc expres-
sion, loss of a microRNA that normally inhibits c-Myc
expression, etc. A mutation may be present in all of an indi-
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vidual’s somatic cells, or may be present in only some of the
cells, e.g., those associated with the disease, e.g., those exhib-
iting abnormal proliferation, survival, or other behavior. As
used herein, “gene” comprises a region of DNA that is tran-
scribed to RNA (which RNA may include an open reading
frame that encodes a polypeptide or may be a functional RNA
such as a tRNA, snRNA, miRNA or precursor thereof) and
associated regulatory element(s), e.g., transcriptional regula-
tory elements such as promoter, enhancer(s), etc. It will be
appreciated that regulatory elements may be present within a
transcribed or untranscribed region.

A polymorphism can refer to a sequence variation that is
present in 1% orless of a given population of individuals, e.g.,
humans (typically as assessed based on a sample of the popu-
lation). A polymorphism can be a single nucleotide polymor-
phism (SNP). A population can be defined, e.g., geographi-
cally (e.g., by country or region (U.S., E.U., China, Japan) or
by categories such as those used in the International HapMap
Project (Yoruba in Ibadan, Nigeria (abbreviation: YRI); Japa-
nese in Tokyo, Japan (abbreviation: JPT); Han Chinese in
Beijing, China (abbreviation: CHB)1 CEPH (Utah residents
with ancestry from northern and western Europe) (abbrevia-
tion: CEU)), which can represent certain Sub-Saharan Afri-
can, Asian, Asian, and European, populations, respectively
(See, e.g., The International HapMap Consortium. A second
generation human haplotype map of over 3.1 million SNPs.
Nature 449, 851-861, 2007). See also, http://hapmap-
.ncbinlm nih.gov/index.html.en and the dbSNP database
(http://www.ncbi.nlm nih gov/projects/SNP/).

SNPs associated with c-Myc upregulation in cancer cells
have been identified. See, e.g., Wright, ] B, etal. Upregulation
of'c-MYC in Cis Through a Large Chromatin Loop Linked to
a Cancer Risk-Associated SNP in Colorectal Cancer Cells.
Mol Cell Biol. 2010 Jan. 11; Pomerantz M M, et al. The 8q24
cancer risk variant rs6983267 shows long-range interaction
with MYC in colorectal cancer. Nat Genet. 2009 August;
41(8):882-4. Epub 2009 Jun. 28. In some embodiments, a
SNP is in the c-Myc enhancer.

Insome embodiments, an inventive method comprises test-
ing a subject to determine whether the subject has such a
mutation or polymorphism and/or has increased c-Myc func-
tion, e.g., in tumor cells derived from the subject. In some
embodiments such a subject is identified as being a suitable
candidate for administering a combination therapy of the
invention.

In some embodiments, the present invention provides a
method of treating a proliferative disease in a subject suffer-
ing therefrom, the method comprising administering to the
subject therapeutically effective amounts of a P-TEFb inhibi-
tor and a c-Myc inhibitor. “Therapeutically effective amounts
of'a P-TEFb inhibitor and a c-Myc inhibitor” means that the
amounts administered are therapeutically effective at least
when the compounds are administered in combination.
“Administered in combination” means that both compounds
are administered to a subject, i.e., a P-TEFb inhibitor and a
c-Myc inhibitor are administered to the subject. Such admin-
istration is sometimes referred to herein as coadministration.
The compounds can be administered in the same composition
or separately. When they are coadministered, the two may be
given simultaneously or sequentially and in either instance,
may be given separately or in the same composition, e.g., a
unit dosage (which includes both the P-TEFb inhibitor and
the c-Myec inhibitor). The P-TEFb inhibitor can be given prior
to or after administration ofthe c-Myc inhibitor, provided that
they are given sufficiently close in time to have a desired
effect of inhibiting aberrant or unwanted cell proliferation or
survival.
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The invention provides methods comprising administering
to the subject therapeutically effective amounts of a P-TEFb
inhibitor and an NF-kB inhibitor. “Therapeutically effective
amounts of a P-TEFb inhibitor and an NF-kB inhibitor”
means that the amounts administered are therapeutically
effective at least when the compounds are administered in
combination.

In some embodiments, administration in combination of
first and second compounds (e.g., a p-TEFb inhibitor and a
c-Myc inhibitor or a P-TEFb inhibitor and an NF-kB inhibi-
tor), is performed such that (i) a dose of the second compound
is administered before more than 90% of the most recently
administered dose of the first agent has been metabolized to
an inactive form or excreted from the body; or (ii) doses of the
first and second compound are administered within 48 hours
of each other, or (iii) the agents are administered during
overlapping time periods (e.g., by continuous or intermittent
infusion); or (iv) any combination of the foregoing. Multiple
compounds are considered to be administered in combination
if the afore-mentioned criteria are met with respect to all
compounds, or in some embodiments, if each compound can
be considered a “second compound” with respect to at least
one other compound of the combination. The compounds
may, but need not be, administered together as components of
a single composition. In some embodiments, they may be
administered individually at substantially the same time (e.g.,
within less than 1, 2, 5, or 10 minutes of one another). In some
embodiments they may be administered individually within a
short time of one another (by which is meant less than 3 hours,
sometimes less than 1 hour, sometimes within 10 or 30 min-
utes apart). The compounds may, but need not, be adminis-
tered by the same route of administration. One or more than
one P-TEFb inhibitor and one or more than one c-Myc inhibi-
tor or NF-kB inhibitor can be administered according to the
present methods.

In some embodiments, the proliferative disease is a solid
tumor. In some embodiments, the proliferative disease is a
hematological malignancy. In certain embodiments, the pro-
liferative disease is a benign neoplasm. In other embodi-
ments, the neoplasm is a malignant neoplasm. In certain
embodiments, the proliferative disease is a cancer. In some
embodiments at least some of the tumor cells overexpresses
c-Myc relative, e.g., to cells of the type from which the tumor
is believed to have arisen and/or typical values observed in
normal cells. In some embodiments, c-Myc is mutated or
amplified in the tumor cells.

Exemplary tumors that may be treated using compounds of
the present invention include colon cancer, lung cancer (e.g.,
small cell lung cancer, non-small cell lung cancer), bone
cancer, pancreatic cancer, stomach cancer, esophageal can-
cer, skin cancer, brain cancer, liver cancer, ovarian cancer,
cervical cancer, uterine cancer, testicular cancer, prostate can-
cer, bladder cancer, kidney cancer, neuroendocrine cancer,
breast cancer, gastric cancer, eye cancer, gallbladder cancer,
laryngeal cancer, oral cancer, penile cancer, glandular
tumors, rectal cancer, small intestine cancer, gastrointestinal
stromal tumors (GISTs), sarcoma, carcinoma, melanoma,
urethral cancer, vaginal cancer, to name but a few.

In some embodiments, the cancer is a hematological malig-
nancy. In some embodiments, the hematological malignancy
is a lymphoma. In some embodiments, the hematological
malignancy is a leukemia. Examples of hematological malig-
nancies that may be treated using an inventive compound
include, but are not limited to, acute lymphoblastic leukemia
(ALL), acute myelogenous leukemia (AML), chronic myel-
ogenous leukemia (CML), chronic lymphocytic leukemia
(CLL), hairy cell leukemia, Hodgkin’s lymphoma, non-



US 9,155,724 B2

45

Hodgkin’s lymphoma, cutaneous T-cell lymphoma (CTCL),
peripheral T-cell lymphoma (PTCL), Mantle cell lymphoma,
B-cell lymphoma, acute lymphoblastic T cell leukemia
(T-ALL), acute promyelocytic leukemia, and multiple
myeloma.

In certain embodiments, the disease, e.g., proliferative dis-
ease, is an inflammatory disease. In some embodiments the
disease is an autoimmune disease. In certain embodiments,
the disease is associated with pathologic neovascularization.
Other proliferative diseases include, e.g., neurofibromatosis,
atherosclerosis, pulmonary fibrosis, arthritis, psoriasis,
hypertrophic scar formation, inflammatory bowel disease,
post-transplantation lymphoproliferative disorder, etc. In
some embodiments, a compound combination of the inven-
tion is used for treatment of any disease for which use of a
CDKO9 inhibitor is contemplated in the art. See, e.g., discus-
sion in references describing CDK9 inhibitors. Diseases of
interest include infectious diseases, cardiovascular diseases,
and neurodegenerative diseases.

Infectious diseases include infections caused by pathogens
such as viruses, bacteria, fungi and/or parasites. Virus-in-
duced infectious diseases include diseases caused by infec-
tion with retroviruses, hepadnaviruses, herpesviruses, fla-
viviruses, adenoviruses, togaviruses and poxviruses.
Infectious diseases can be caused by viruses comprising, but
not limited to viruses such as HIV-1, HIV-2, HTLV-I and
HTLV-II, hepadnaviruses such as HBV, herpesviruses such as
Herpes simplex virus I (HSV 1), herpes simplex virus 11
(HSV 1I), Epstein-Barr virus (EBV), varicella zoster virus
(VZV), human cytomegalovirus (HCMV) or human herpes-
virus 8 (HHV-8), flaviviruses such as HCV, West Nile or
Yellow Fever virus, human papilloma virus, poxviruses,
Sindbis virus or adenoviruses. Certain transcription factors of
lentiviruses and retroviruses such as HIV and T-lymphotropic
virus type I recruit P-TEFB to their promoter regions, attenu-
ating Pol II transcriptional pausing (Barboric and Peterlin,
2005; Cho et al., 2007; Wei et al., 1998; Yoshida, 2001; Zhou
et al., 2006). These viruses have thus generated means to
overcome pause control. In some embodiments a combina-
tion therapy of the invention is used in treatment of an infec-
tious disease, e.g., a viral infection, wherein c-Myc is
involved in viral life cycle or pathogenesis and/or wherein the
infectious agent, e.g., virus, causes upregulated c-Myc
expression or activity, e.g., in infected cells.

In some embodiments, a combination therapy of the inven-
tionis used in treatment of a proliferative disease, e.g., cancer,
that is at least in part caused by a viral infection. For example,
HCV, EBV, and HPV are associated with various types of
cancet.

In some embodiments, compositions and methods of the
present invention are useful for inhibiting smooth muscle cell
proliferation. In some embodiments, compositions and meth-
ods of the present invention are useful for inhibiting resteno-
sis, e.g., after angioplasty or vascular surgery. In certain
embodiments, such effects are achieved by using a drug-
eluting stent coated with a P-TEFb inhibitor and a c-Myc
inhibitor. Alternately either the P-TEFb inhibitor or the
c-Myc inhibitor is administered using the stent and the other
agent is administered using a different route, e.g., intrave-
nously or orally.

Doses of compounds may range from about 1 ug to 10,000
mg, e.g., about 10 pg to 5000 mg, e.g., from about 100 pg to
1000 mg once or more per day, week, month, or other time
interval. Stated in terms of subject body weight, doses in
certain embodiments of the invention range from about 1 g
to 20 mg/kg/day, e.g., from about 1 m/kg/day to 10 mg/kg/
day. In certain embodiments doses are expressed in terms of
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surface area rather than weight, e.g., between about 1 mg/m?>
to about 5,000 mg/m?. The absolute amount will depend upon
a variety of factors including the concurrent treatment, the
number of doses and the individual patient parameters includ-
ing age, physical condition, size and weight. These are factors
well known to those of ordinary skill in the art and can be
addressed with no more than routine experimentation. It is
often the case that a maximum dose be used, that is, the
highest safe dose according to sound medical judgment. In
the case of compounds that have been tested already in pre-
clinical studies and/or clinical trials, considerable informa-
tion is already available that can be used in selecting doses.

In certain embodiments each of the compounds is admin-
istered in an amount that is therapeutically effective when
used as a single agent. In certain embodiments at least one of
the compounds (e.g., both compounds) is/are administered in
an amount that would be sub-therapeutic or less than opti-
mally therapeutic if the compound were administered as a
single agent. A “sub-therapeutic amount” as used herein
refers to an amount that is less than the amount that would
produce atherapeutically useful result in the subject if admin-
istered in the absence of the other compound. For example, a
sub-therapeutic amount of a P-TEFb inhibitor in some
embodiments is one that would not produce a desired thera-
peutic result in the subject in the absence of the administration
of'a c-Myc inhibitor. In some embodiments, a sub-therapeutic
amount of a c-Myc inhibitor is one that would not produce a
desired therapeutic result when administered as a single
agent, e.g., in the absence of a p-TEFB inhibitor. In some
embodiments, a sub-therapeutic amount of an NF-kB inhibi-
tor is one that would not produce a desired therapeutic result
when administered as a single agent, e.g., in the absence of a
p-TEFB inhibitor. In certain embodiments at least one of the
compounds is administered in an amount that is lower than
the maximum tolerated dose, e.g., the compound is adminis-
tered in an amount that is about 5%, 10%, 20%, 30%, 40%,
50%, 60%, 70%, 80%, or 90% of the effective amount or
maximum tolerated dose.

For example, in some embodiments of the invention fla-
vopiridol or a flavopiridol analog is coadministered with a
c-Myec inhibitor to treat a proliferative disease, wherein the
amount of the flavopiridol or analog used is lower than that
required to have an equivalent therapeutic effect in the
absence of the c-Myc inhibitor. In some embodiments of the
invention roscovitine or a roscovitine analog is used in com-
bination with a c-Myc inhibitor to inhibit cell proliferation or
survival wherein the concentration of roscovitine or rosco-
vitine analog used is lower than that required to cause the
same level of inhibition in the absence of the c-Myc inhibitor.

In some embodiments, flavopiridol or a flavopiridol analog
is administered using a dosing regimen that has been used for
flavopiridol in a clinical trial. As known in the art, a “dosing
regimen” can include dose level(s), dosing interval, and other
aspects(s) that characterize the manner in which a compound
is administered to a subject, such as the route of administra-
tion, rate and duration of a bolus administration or infusion.

In some embodiments, a c-Myc inhibitor is added to a
dosing regimen for flavopiridol or roscovatine that has been
tested in a clinical trial. For purposes of this invention, a
regimen that has been tested in a clinical trial, e.g., a regimen
that has been shown to be acceptable in terms of safety and, in
some embodiments, showing at least some evidence of effi-
cacy, will be referred to as a “standard regimen”. For example,
flavopiridol and roscovitine have each been tested as single
agents and in combination with a variety of different agents.
A c-Myec inhibitor can be added to such regimens. In some
embodiments, the flavopiridol or roscovitine is administered
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at a lower dose than the maximum dose tested in such trials.
In some embodiments, the flavopiridol or roscovitine is
administered at a lower dose than the maximum tolerated
dose identified in such trial(s). The invention provides such
methods for any P-TEFb inhibitor that is tested in a clinical
trial, e.g., any flavpiridol analog or roscovatine analog.

In some embodiments, flavopiridol or a flavopiridol analog
is administered using a dosing regimen such as those
described in PCT/US2006/009162 (WO/2006/101846)
DOSING REGIMEN OF FLAVOPIRIDOL FOR TREAT-
ING CANCER IN PARTICULAR CLL. Such dosing regi-
men can comprise administering an effective dose of an IV
bolus followed by an effective dose of an IV infusion. See
also, Byrd, B., etal., Blood, 15 Vol. 109, No. 2, pp. 399-404,
2007.

Many anti-cancer agents exhibit significant toxicity, often
due to their effects on normal cells, e.g., proliferating cells
such as cells lining the GI tract, skin cells, cells of the hemato-
poietic system. For example, flavopiridol can exhibit signifi-
cant toxicity, which can limit the tolerated dose. In clinical
cancer trials of flavopiridol, fatigue, venous thromboses, and
diarrhea were the main side effects of doses that achieved
plasma flavopiridol levels of approximately 400 nM during a
72 hour treatment period (See, e.g., Innocenti F., et al. Clin
Cancer Res. 6(9):3400-3405, 2000.)

A phase I trial of roscovitine was performed with a 7-day
b.i.d. p.o. schedule (Benson, C., et al. British Journal of Can-
cer, 96, 29-37, 2007). Twenty-one patients (median age 62
years, range: 39-73 years) with a variety of solid tumors were
treated with doses of 100, 200 and 800 b.i.d. Dose-limiting
toxicities were seen at 800 mg b.i.d.; grade 3 fatigue, grade 3
skin rash, grade 3 hyponatraemia and grade 4 hypokalaemia.
Other toxicities included reversible raised creatinine (grade
2), reversible grade 3 abnormal liver function and grade 2
emesis. An 800 mg dose was investigated further in 12
patients. One patient with a rapid increase in creatinine on day
3 had a reversible fall in renal perfusion, with full recovery by
day 14, and no changes suggestive of renal tubular damage.
Further dose escalation was precluded by hypokalaemia.

The invention encompasses the recognition that adminis-
tering a P-TEFb inhibitor in combination with a ¢-Myc
inhibitor can result in enhanced efficacy relative to adminis-
tration of the P-TEFb inhibitor in the absence of the c-Myc
inhibitor. The P-TEFb inhibitor when administered in com-
bination with a c-Myc inhibitor can have a higher therapeutic
index than the P-TEFb inhibitor when administered in the
absence of the c-Myc inhibitor. Without wishing to be bound
by any theory, the co-administration of a c-Myc inhibitor may
selectively amplify or augment the effects of inhibiting
P-TEFD on transcription of c-Myc target genes, which genes
include a large number of genes that promote cell prolifera-
tion, relative to the effect of the P-TEFb inhibitor on non-c-
Myec target genes. Thus, for example, transcription of genes
that encode proteins necessary for basic “housekeeping”
functions may be relatively less affected by the P-TEF inhibi-
tor than transcription of c-Myc target genes. The invention
encompasses the recognition that administering a c-Myc
inhibitor in combination with a P-TEFb inhibitor can result in
enhanced efficacy relative to administration of the c-Myc
inhibitor in the absence of the P-TEFb inhibitor. In some
embodiments, even a low concentration or dose of a P-TEFb
inhibitor is sufficient to usefully augment the effect of a
c-Myec inhibitor. For example, a concentration or dose of
P-TEFb inhibitor that exhibits minimal effect on transcription
of non-c-Myc target genes can be used. Without limitation,
enhanced efficacy provided by the inventive methods may, for
example, (i) permit a therapeutically useful effect using a
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dosing regimen of P-TEFb inhibitor, e.g., flavopiridol, that
has been deemed to lack significant efficacy in one or more
clinical trials; (i) permit use of a P-TEFb inhibitor, e.g.,
flavopiridol, in a proliferative disease or tumor type in which
it has been deemed to lack significant efficacy in one or more
clinical trials; (iii) permit a therapeutically useful effect to be
achieved using a c-Myc inhibitor that does not show a thera-
peutically useful effect as a single agent (or in some embodi-
ments in combination with one or more existing chemothera-
peutic agents(s)). In other embodiments, similar enhanced
efficacy may be provided by the combination of an NF-kB
inhibitor and a p-TEFDb inhibitor. The invention encompasses
the use of c-Myc inhibitors and/or NF-kB inhibitors that are
not expected to be therapeutically useful, e.g., as single
agents, or in combination with existing chemotherapeutic
agent, e.g., because they have insufficient activity in vitro
when used at concentrations expected to be achievable in
vivo.

The invention further encompasses the recognition that
administering a P-TEFb inhibitor in combination with an
NF-kB inhibitor can result in enhanced efficacy relative to
administration of the P-TEFb inhibitor in the absence of the
NF-kB inhibitor and/or enhanced efficacy relative to admin-
istration of the NF-kB inhibitor in the absence of the P-TEFb
inhibitor. In certain embodiments at least one of the com-
pounds (P-TEFb inhibitor and/or c-Myc inhibitor and/or NF-
kB) is administered in an amount that would be sub-thera-
peutic or less than optimally therapeutic if the compound
were administered as a single agent. In certain embodiments
at least one of the compounds is administered in an amount
that is lower than the maximum tolerated dose, e.g., the com-
pound is administered in an amount that is about 10%, 20%,
30%, 40%, 50%, 60%, 70%, 80%, or 90% of the effective
amount or maximum tolerated dose.

For example, in some embodiments of the invention fla-
vopiridol or a flavopiridol analog is used in combination with
a c-Myc inhibitor to inhibit cell proliferation, wherein the
concentration of the flavopiridol or analog used is lower than
that required to cause the same level of inhibition in the
absence of the c-Myc inhibitor. In some embodiments of the
invention roscovitine or a roscovitine analog is used in com-
bination with a c-Myc inhibitor to inhibit cell proliferation or
survival wherein the concentration of roscovitine or rosco-
vitine analog used is lower than that required to cause the
same level of inhibition in the absence of the c-Myc inhibitor.
In some embodiments of the invention flavopiridol or a fla-
vopiridol analog (or a different P-TEFb inhibitor) is used in
combination with an NF-KB inhibitor to inhibit an inflam-
matory or immune response, wherein the concentration of the
NF-kB inhibitor used is lower than that required to cause the
same level of inhibition in the absence of the flavopiridol or
analog. In some embodiments of the invention roscovitine or
a roscovitine analog is used in combination with an NF-kB
inhibitor to inhibit cell proliferation or survival wherein the
concentration of NF-kB inhibitor used is lower than that
required to cause the same level of inhibition in the absence of
the roscovitine or roscovitine analog inhibitor. In some
embodiments, the use of lower doses of an NF-kB inhibitor
can reduce inhibition of other signaling pathways.

In some embodiments of the invention, cell state is modi-
fied ex vivo and the resulting cells are administered to a
subject, e.g., for therapeutic purposes. Such methods may use
cells harvested from the subject to which the modified cells
are administered (autologous) or may use cells harvested
from a different donor (e.g., an individual of the same species
who may be genetically identical or non-identical to the sub-
ject). The donor and recipient may be compatible with regard
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to blood type and/or may be matched with regard to at least
some MHC class I and/or MHC class 1I antigens, e.g., with
respectto 1,2,3, 4,5, or 6 major HL A antigens. Thus in some
embodiments the invention provides a method comprising:
(a) providing one or more cells of a first cell state; (b) modi-
fying the cell state of said cell(s) according to a method
described herein; and (c) administering at least some of the
resulting cells to a subject in need thereof. In some embodi-
ments, step (b) comprises contacting the cell(s) with a c-Myc
modifier and a modifier of a second transcriptional modulator.
In some embodiments, step (b) comprises contacting the cells
with a c-Myc inhibitor and an inhibitor of a second transcrip-
tion factor. In some embodiments, step (b) comprises contact-
ing the cell(s) with an NF-kB modifier and a modifier of a
second transcriptional modulator. In some embodiments, step
(b) comprises comprising contacting the cell(s) with a
P-TEFb inhibitor and a c-Myc inhibitor or NF-kB inhibitor. In
some embodiments, cells are expanded in vitro, optionally in
medium comprising one or more of the modifier(s), prior to
administering them to a subject. Cells can be adminstered to
a subject using any suitable method known in the art. For
example, cells can be injected, infused, or implanted into the
subject.

As used herein, treatment or treating can include amelio-
ration, cure, and/or maintenance of a cure (i.e., the prevention
or delay of recurrence) of a disease, e.g., a proliferative dis-
ease, e.g., cancer. Treatment after a disorder has started aims
to reduce, ameliorate or altogether eliminate the disorder,
and/or at least some of its associated symptoms, to prevent it
from becoming more severe, to slow the rate of progression,
or to prevent the disorder from recurring once it has been
initially eliminated. Treatment can be prophylactic, e.g.,
administered to a subject that has not been diagnosed with
cancer, e.g., a subject with a significant risk of developing
cancer. A subject at risk of cancer recurrence has been diag-
nosed with cancer and has been treated such that the cancer
appears to be largely or completely eradicated. In some
embodiments, a therapeutic method of the invention com-
prises providing a subject in need of treatment for a disease of
interest herein, e.g., a proliferative disease, e.g., cancer. In
some embodiments, a therapeutic method of the invention
comprises diagnosing a subject in need of treatment for a
disease of interest herein, e.g., cancer.

In some embodiments the subject is at risk of cancer or
cancer recurrence. A subject at risk of cancer may be, e.g., a
subject who has not been diagnosed with cancer but has an
increased risk of developing cancer as compared with an
age-matched control of the same sex. For example, the sub-
ject may have a risk at least 1.2 times that of an age and sex
matched control. Determining whether a subject is consid-
ered “at risk” of cancer may be within the discretion of the
skilled practitioner caring for the subject. Any suitable diag-
nostic test(s) and/or criteria can be used. For example, a
subject may be considered “at risk” of developing cancer if (i)
the subject has a mutation, genetic polymorphism, gene or
protein expression profile, and/or presence of particular sub-
stances in the blood, associated with increased risk of devel-
oping or having cancer relative to other members of the gen-
eral population not having such mutation or genetic
polymorphism; (ii) the subject has one or more risk factors
such as having a family history of cancer, having been
exposed to a carcinogen or tumor-promoting agent or condi-
tion, e.g., asbestos, tobacco smoke, aflatoxin, radiation,
chronic infection/inflammation, etc., advanced age; (iii) the
subject has one or more symptoms of cancer, etc.

The compounds may be used in vitro or in vivo in an
effective amount, by which is meant an amount sufficient to
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achieve a biological response of interest, e.g., reducing gene
expression or protein activity, reducing Pol II pause release
(e.g., increasing the traveling ratio) at one or more genes,
reducing one or more symptoms or manifestations of a dis-
ease or condition, e.g., reducing the likelihood of recurrence
or progression of a disease.

The compounds may be administered in a pharmaceutical
composition. A pharmaceutical composition can comprise a
variety of pharmaceutically acceptable carriers. Pharmaceu-
tically acceptable carriers are well known in the art and
include, for example, aqueous solutions such as water, 5%
dextrose, or physiologically buffered saline or other solvents
or vehicles such as glycols, glycerol, oils such as olive oil or
injectable organic esters that are suitable for administration to
a human or non-human subject. In some embodiments, a
pharmaceutically acceptable carrier or composition is sterile.
A pharmaceutical composition can comprise, in addition to
the active agent, physiologically acceptable compounds that
act, for example, as bulking agents, fillers, solubilizers, sta-
bilizers, osmotic agents, uptake enhancers, etc. Physiologi-
cally acceptable compounds include, for example, carbohy-
drates, such as glucose, sucrose, lactose; dextrans; polyols
such as mannitol; antioxidants, such as ascorbic acid or glu-
tathione; preservatives; chelating agents; buffers; or other
stabilizers or excipients. The choice of a pharmaceutically
acceptable carrier(s) and/or physiologically acceptable com-
pound(s) can depend for example, on the nature of the active
agent, e.g., solubility, compatibility (meaning that the sub-
stances can be present together in the composition without
interacting in a manner that would substantially reduce the
pharmaceutical efficacy of the pharmaceutical composition
under ordinary use situations) and/or route of administration
of the composition. Compounds can be present as salts in a
composition. When used in medicine, the salts should be
pharmaceutically acceptable, but non-pharmaceutically
acceptable salts may conveniently be used to prepare phar-
maceutically-acceptable salts thereof and are not excluded
from the scope of the invention. Such pharmacologically and
pharmaceutically-acceptable salts include, but are not limited
to, those prepared from the following acids: hydrochloric,
hydrobromic, sulfuric, nitric, phosphoric, maleic, acetic, sali-
cylic, citric, formic, malonic, succinic, and the like. Also,
pharmaceutically-acceptable salts can be prepared as alkaline
metal or alkaline earth salts, such as sodium, potassium or
calcium salts. It will also be understood that a compound can
be provided as a pharmaceutically acceptable pro-drug, or an
active metabolite can be used. Furthermore it will be appre-
ciated that agents may be modified, e.g., with targeting moi-
eties, moieties that increase their uptake, biological half-life
(e.g., pegylation), etc. It will be understood that compounds
can exist in a variety or protonation states and can have a
variety of configurations and may exist as solvates (e.g., with
water (i.e. hydrates) or common solvents) or different crys-
talline forms (e.g., polymorphs). The structures presented
here are intended to encompass embodiments exhibiting such
alternative protonation states, configurations, and forms.

The pharmaceutical composition could be in the form of a
liquid, gel, lotion, tablet, capsule, ointment, transdermal
patch, etc. A pharmaceutical composition can be adminis-
tered to a subject by various routes including, for example,
parenteral administration. Exemplary routes of administra-
tion include intravenous administration; respiratory adminis-
tration (e.g., by inhalation), nasal administration, intraperito-
neal administration, oral administration, subcutaneous
administration, intrasynovial administration, transdermal
administration, and topical administration. For oral adminis-
tration, the compounds can be formulated with pharmaceuti-
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cally acceptable carriers as tablets, pills, dragees, capsules,
liquids, gels, syrups, slurries, suspensions, etc. In some
embodiments a compound may be administered directly to a
tissue e.g., a tissue, e.g., in which cancer cells are or may be
present or in which the cancer is likely to arise. Direct admin-
istration could be accomplished, e.g., by injection or by
implanting a sustained release implant within the tissue. In
some embodiments at least one of the compounds is admin-
istered by release from an implanted sustained release device,
by osmotic pump or other drug delivery device. A sustained
release implant could be implanted at any suitable site. In
some embodiments, a sustained release implant may be par-
ticularly suitable for prophylactic treatment of subjects at risk
of developing a recurrent cancer. In some embodiments, a
sustained release implant delivers therapeutic levels of the
active agent for at least 30 days, e.g., at least 60 days, e.g., up
to 3 months, 6 months, or more. One skilled in the art would
select an effective dose and administration regimen taking
into consideration factors such as the patient’s weight and
general health, the particular condition being treated, etc.
Exemplary doses may be selected using in vitro studies,
tested in animal models, and/or in human clinical trials as
standard in the art. The compound(s) can be administered by
the same or different routes (e.g., a P-TEFb inhibitor could be
administered intravenously and a c-Myc inhibitor adminis-
tered orally, or vice versa), and likewise for a P-TEFb inhibi-
tor and NF-kB inhibitor.

In some embodiments, the pharmaceutical composition is
delivered by means of a microparticle or nanoparticle or a
liposome or other delivery vehicle or matrix. A number of
biocompatible synthetic or naturally occurring polymeric
materials are known in the art to be of use for drug delivery
purposes. Examples include polylactide-co-glycolide, poly-
caprolactone, polyanhydride, cellulose derivatives, and
copolymers or blends thereof. Liposomes, for example,
which consist of phospholipids or other lipids, are nontoxic,
physiologically acceptable and metabolizable carriers that
are relatively simple to make and administer.

Pharmaceutical compositions comprising a P-TEFb
inhibitor, a c-Myc inhibitor, or both, are an aspect of the
invention. Pharmaceutical compositions comprising a
P-TEFD inhibitor, an NF-kB inhibitor, or both, are an aspect
of'the invention. The pharmaceutical composition(s) may be
packaged with a suitable label describing their use in a
method of the invention (e.g., instructions for use to treat a
proliferative, inflammatory, or immune-mediated disease).
The invention provides a kit or pack containing a first phar-
maceutical composition comprising a P-TEFb inhibitor and a
second pharmaceutical composition comprising a c-Myc
inhibitor, optionally with a suitable label describing their use
in a method of the invention. The invention provides a kit or
pack containing a first pharmaceutical composition compris-
ing a P-TEFb inhibitor and a second pharmaceutical compo-
sition comprising an NF-kB inhibitor, optionally with a suit-
able label describing their use in a method of the invention.

In some embodiments compounds (e.g., P-TEFb inhibitor,
c-Myc inhibitor, or both) are formulated in unit dosage form
for ease of administration and uniformity of dosage. The term
“unit dosage form™ as used herein refers to a physically dis-
crete unit of agent appropriate for the subject to be treated. In
some embodiments, a unit dosage form contains a sub-thera-
peutic amount of a P-TEFDb inhibitor or a c-Myc inhibitor. In
some embodiments, a unit dosage form of a P-TEFb inhibitor
and a unit dosage form of a c-Myc inhibitor are provided. In
some embodiments, at least one unit dosage form contains a
subtherapeutic amount of compound.
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In some embodiments compounds (e.g., P-TEFb inhibitor,
NF-kB inhibitor, or both) are formulated in unit dosage form
for ease of administration and uniformity of dosage. In some
embodiments, a unit dosage form contains a sub-therapeutic
amount of a P-TEFb inhibitor or an NF-kB inhibitor. In some
embodiments, a unit dosage form of'a P-TEFb inhibitor and a
unit dosage form of an NF-kB inhibitor are provided. In some
embodiments, at least one unit dosage form contains a sub-
therapeutic amount of compound.

The combination therapies of the invention may be used
together with one or more additional pharmacological thera-
pies or non-pharmacological therapies (e.g., surgery, radia-
tion), or combinations thereof, for treating a subject. One of
skill in the art can select an appropriate additional therap(ies)
based, e.g., on the particular disease.

For example, non-limiting examples of cancer chemo-
therapeutics that can be useful with the methods disclosed
herein for treating cancer include alkylating and alkylating-
like agents such as Nitrogen mustards (e.g., Chlorambucil,
Chlormethine, Cyclophosphamide, Ifosfamide, and Mel-
phalan), Nitrosoureas (e.g., Carmustine, Fotemustine,
Lomustine, and Streptozocin), Platinum agents (i.e., alkylat-
ing-like agents) (e.g., Carboplatin, Cisplatin, Oxaliplatin,
BBR3464, and Satraplatin), Busulfan, Dacarbazine, Procar-
bazine, Temozolomide, ThioTEPA, Treosulfan, and Uramus-
tine; Antimetabolites such as Folic acids (e.g., Aminopterin,
Methotrexate, Pemetrexed, and Raltitrexed); Purines such as
Cladribine, Clofarabine, Fludarabine, Mercaptopurine, Pen-
tostatin, and Thioguanine; Pyrimidines such as Capecitabine,
Cytarabine, Fluorouracil, Floxuridine, and Gemcitabine;
Spindle poisons/mitotic inhibitors such as Taxanes (e.g.,
Docetaxel, Paclitaxel) and Vincas (e.g., Vinblastine, Vincris-
tine, Vindesine, and Vinorelbine); Cytotoxic/antitumor anti-
biotics such anthracyclines (e.g., Daunorubicin, Doxorubi-
cin, Epirubicin, Idarubicin, Mitoxantrone, Pixantrone, and
Valrubicin), compounds naturally produced by various spe-
cies of Streptomyces (e.g., Actinomycin, Bleomycin, Mito-
mycin, Plicamycin) and Hydroxyurea; Topoisomerase
inhibitors such as Camptotheca (e.g., Camptothecin, Topote-
can and Irinotecan) and Podophyllums (e.g., Etoposide, Teni-
poside); Monoclonal antibodies for cancer immunotherapy
such as anti-receptor tyrosine kinases (e.g., Cetuximab, Pani-
tumumab, Trastuzumab), anti-CD20 (e.g., Rituximab and
Tositumomab), and others for example Alemtuzumab, Beva-
cizumab, and Gemtuzumab; Photosensitizers such as Ami-
nolevulinic acid, Methyl aminolevulinate, Porfimer sodium,
and Verteporfin; Tyrosine kinase inhibitors such as Cediranib,
Dasatinib, Erlotinib, Gefitinib, Imatinib, Lapatinib, Nilo-
tinib, Sorafenib, Sunitinib, and Vandetanib; serine/threonine
kinase inhibitors, (e.g., inhibitors of Abl, c-Kit, insulin recep-
tor family member(s), EGF receptor family member(s),
mTOR, Raf kinase family, phosphatidyl inositol (PI) kinases
such as PI3 kinase, PI kinase-like kinase family members,
cyclin dependent kinase family members, Aurora kinase fam-
ily), growth factor receptor antagonists, and others such as
retinoids (e.g., Alitretinoin and Tretinoin), Altretamine,
Amsacrine, Anagrelide, Arsenic trioxide, Asparaginase (e.g.,
Pegaspargase), Bexarotene, Bortezomib, Denileukin diftitox,
Estramustine, Ixabepilone, Masoprocol, Mitotane, and Tes-
tolactone, Hsp90 inhibitors, proteasome inhibitors, HDAC
inhibitors, angiogenesis inhibitors, e.g., anti-vascular endot-
helial growth factor agents such as Bevacizumab, matrix met-
alloproteinase inhibitors, pro-apoptotic agents (e.g., apopto-
sis inducers), anti-inflammatory agents, etc.
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EXAMPLES

Example 1
Pol II Tends to Occupy Promoter Regions

We used chromatin immunoprecipitation coupled to high-
throughput sequencing (ChIP-seq) to determine how Pol II
occupies the ES cell genome (FIG. 1). An antibody that binds
to the N-terminus of the largest subunit of Pol II (N-20) was
used, allowing us to monitor Pol II independent of the phos-
phorylation status of its C-terminal domain (CTD). We found
that the bulk of Pol II occupied the promoter proximal region
of the vast majority of genes (FIG. 1A). This tendency to
occupy promoter proximal regions was evident both for genes
that are actively transcribed (with H3K4me3- and
H3K79me2-modified nucleosomes) and for non-productive
genes that show evidence of initiation but not elongation
(with H3K4me3-, but not H3K79me2-modified nucleo-
somes). At actively transcribed genes, low levels of Pol 11
signal were observed throughout the transcribed region up to
the polyadenylation site, with higher signals observed down-
stream where transcription termination takes place. These
data are consistent with more lengthy occupancy of promoter
and terminator regions than the central body of actively tran-
scribed genes.

The presence of high polymerase density at the promoter
region relative to the gene body has previously been cited as
evidence for promoter-proximal pausing or some form of
post-initiation regulation in E. coli, Drosophila and human
cells (reviewed in Fuda et al., 2009; Price, 2008; Wade and
Struhl, 2008). The pattern of Pol I binding we observed in the
present study suggests that promoter-proximal pausing
occurs frequently in mES cells. To further characterize Pol I1
occupancy in mES cells, we calculated the relative ratio of Pol
11 density in the promoter-proximal region and the gene body
(FIG. 1B), which has been termed the traveling ratio (TR)
(Reppas et al., 2006) or the pausing index (Zeitlinger et al.,
2007). At genes where the rate of promoter-proximal clear-
ance is similar to the rate of initiation, the TR is close to 1
(Reppas et al., 2006). However, at genes where promoter-
proximal clearance is lower than the initiation rate, the trav-
eling ratio is greater than 1. FIG. 9 shows genes with varying
traveling ratios to illustrate how difterent Pol II density infor-
mation is converted to traveling ratio. Using this metric, we
found that 91% of genes have a Pol II TR of more than 2,
confirming that higher Pol II density is detected in the pro-
moter-proximal region than in the gene body at the vast
majority of genes (FIG. 1C). The presence of high poly-
merase density in the promoter regions of most active ES cell
genes suggests that these genes experience some form of
post-initiation regulation.

The large subunit of Pol II contains a C-terminal domain
(CTD) that is modified at various stages of transcription; Pol
11 is recruited into the preinitiation complex with a hypophos-
phorylated CTD, the CTD is phosphorylated on Serine 5
(Ser5P) during initiation and then on Serine 2 (Ser2P) during
elongation (reviewed in Saunders et al., 2006; Sims et al.,
2004). To determine how these two phosphorylated forms of
Pol II occupy ES cell genes, ChIP-Seq experiments were
conducted with antibodies directed against these two phos-
phorylated forms of the CTD (FIG. 1A). Ser5P Pol II was
detected in the promoter region and the transcribed region of
active genes, with the peak located in the promoter proximal
region. For genes that experience initiation but not elongation
(non-productive), SerSP Pol II was detected only within the
promoter region, as expected. Ser2P Pol 11 was detected pre-
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dominantly downstream of the promoter region, with the
peak in the region downstream of the polyadenylation site
where termination likely takes place. These results are con-
sistent with the idea that Pol II typically experiences a pro-
moter proximal, rate-limiting step after being recruited to
promoters and after becoming Ser5 phosphorylated. Pol II
may also experience a slow release from DNA in regions of
transcription termination (Core et al., 2008; Glover-Cutter et
al., 2008).

Example 2

P-TEFb Inhibition Prevents Pause Release at Most
Active Genes

The pattern of Pol II occupancy of genes suggests that a
post-initiation regulatory step, such as pause release, may be
important for transcriptional control of most genes. The
Drosophila Hsp70 gene is regulated subsequent to initiation
by P-TEFb-dependent pause release (L is et al., 2000). Active
P-TEFD, a heterodimer consisting of the cyclin-dependent
kinase Cdk9 and a cyclin component (CycT1, CycT2 or
CycK), phosphorylates at least three targets important for
transcriptional control: the Spt5 subunit of DSIF, the NelfE
subunit of NELF, and Ser2 ofthe Pol IICTD (Ahn et al., 2004;
Kim and Sharp, 2001; L. is et al., 2000; Marshall et al., 1996;
Marshall and Price, 1995; Ni et al., 2008; Ni et al., 2004,
Wadaet al., 1998b; Yamada et al., 2006). To assess the role of
P-TEFb-dependent pause release in global transcriptional
control, we repeated the ChIP-Seq experiment for total Pol I1
in mES cells treated with flavopiridol, an inhibitor of Cdk9
kinase activity (Chao et al., 2000; Chao and Price, 2001; Ni et
al., 2004). As expected, flavopiridol treatment caused reduced
phosphorylation of Spt5 and Pol II Ser2 within 60 min, while
Ser5 phosphorylation remained unaffected (FIGS. 2A and
10A) (Ni et al., 2004). If Pol II pause release is required at
transcribed genes, we would expect that in the presence of
flavopiridol, Pol II molecules would remain associated with
promoter proximal pause sites but be depleted from DNA
further downstream. This change in the pattern of Pol II
occupancy was observed at most actively transcribed genes
(FIG. 2B). We analyzed traveling ratios to further evaluate
changes in Pol II occupancy genome-wide. TR changes with
flavopiridol treatment were generally observed at actively
transcribed genes, where promoter proximal Pol II signals
showed relatively small changes, but Pol 1I signals further
downstream were depleted FIGS. 2C and 10B). We found that
75% of genes had a change in Pol II TR of at least 1.5 upon
drug treatment. As expected, TRs were generally unchanged
at genes that normally experience initiation but not elongation
(FIG. 2D). These results suggest that P-TEFb-dependent
pause release is required for Pol II transcription of most
actively transcribed genes in mES cells.

Example 3

Promoter Proximal Sites are Co-Occupied by Pol 11,
DSIF and NELF

P-TEFb antagonizes the negative elongation activity of the
pause factors DSIF and NELF (Cheng and Price, 2007; Kim
and Sharp, 2001; Wada et al., 1998b; Yamada et al., 2006).
DSIF (Spt4 and Spt5) and NELF (NelfA, NelfB, NelfC/D,
and NelfE) are both associated with promoter-proximal Pol I1
at genes regulated through pausing (Wada et al., 1998a; Wu et
al., 2003; Yamaguchi et al., 1999). Following the transition to
elongation, NELF dissociates and a form of DSIF remains
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associated with the elongation complex (Andrulis et al.,
2000; Wu et al., 2003). If P-TEFb-dependent pause release is
generally required at genes transcribed by Pol 11, the pause
factors DSIF and NELF should occupy the promoter proxi-
mal regions of these genes together with Pol I1.

We used ChIP-Seq to determine the genome-wide occu-
pancy of the NELF subunit NelfA and the DSIF subunit Spt5
in murine ES cells (FIG. 3). The results revealed that NelfA
and Spt5 occupy precisely the same promoter-proximal sites
as Pol II throughout the genome (FIG. 3A). The co-occu-
pancy of PolII, NelfA and Spt5 in promoter-proximal regions
was evident at both actively transcribed genes and at genes
that experience transcription initiation but not elongation
(non-productive) (FIG. 3A). Spt5 and NelfA occupancy posi-
tively correlates with Pol II occupancy (FIG. 11A). As
expected, the largest NelfA and Spt5 peaks were detected in
the promoter-proximal region, but only Spt5 was also
enriched further downstream in actively transcribed genes
(FIG. 3A). The Spt5 enrichment at the 3' end of actively
transcribed genes was similar to that of Ser2P Pol 11, suggest-
ing it remains associated with Pol II until termination. The
NelfA and Spt5 peaks overlapped with the promoter-proxi-
mal site of the Pol II peak, which is flanked by H3K4me3
modified nucleosomes (FIGS. 3B and C). These results dem-
onstrate that the pause factors DSIF and NELF co-occupy the
promoter proximal regions of genes together with Pol II,
consistent with the model that P-TEFb-dependent pause
release is generally required at genes transcribed by Pol II.

Factors such as the PAF1 complex are involved in post-
initiation events that are independent of promoter-proximal
pausing. PAF1 is involved in elongation, mRNA processing
events and elongation-associated chromatin modifications
(reviewed in Saunders et al., 2006; Sims et al., 2004). To test
if the Pol II promoter proximal peak is specific for factors
involved in promoter proximal pausing, we conducted ChIP-
Seq with the Ctr9 subunit of the PAF1 complex. Although a
limited signal could be detected in the promoter-proximal
region of some genes, Ctr9 occupancy did not generally over-
lap with the promoter proximal Pol II peak (FIG. 3A). Ctr9
was typically found within coding regions of active genes,
just downstream of promoter proximal Pol II, and extending
to the 3' end of transcribed genes. Ctr9 occupancy peaked at
the 3' end of actively transcribed genes, which is similar to the
results obtained for Ser2P Pol II and Spt5, suggesting it
remains associated with Pol II until termination. The Ctr9
ChIP-seq data indicates that the PAF1 complex generally
associates with the transcribed portion of most active genes,
which is consistent with its proposed roles in elongation,
mRNA processing and chromatin modification (Adelman et
al., 2006; Krogan et al., 2003; Pokholok et al., 2002; Zhu et
al., 2005). These results support the view that the Pol II
promoter proximal peaks represent regions of post-initiation
regulation and not simply an artifact of the ChIP-Seq method.

DSIF and NELF function prior to P-TEFb at genes regu-
lated by pause release (reviewed in Fuda et al., 2009; Peterlin
and Price, 2006; Saunders et al., 2006). This predicts that
DSIF and NELF should be present at promoter proximal sites
with Pol Il in the presence of flavopiridol. We used ChIP-chip
to determine if Spt5 and NelfA co-occupy promoter proximal
sites with Pol II when P-TEFb activity is inhibited by fla-
vopiridol. The results showed that Spt5 and NelfA continue to
co-occupy promoter proximal sites with Pol II following fla-
vopiridol treatment (FIG. 11C). Spt5 was depleted down-
stream of these promoter proximal sites following flavopiri-
dol treatment, supporting the model that Spt5 localization in
the gene body is dependent on Pol II, which agrees with
previously published results at individual genes (Ni et al.,
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2008; Ni et al., 2004). These results indicate that DSIF and
NELF co-occupy promoter proximal sites with Pol II prior to
P-TEFb function.

It was recently reported that Pol II can initiate transcription
in both the sense and antisense direction at many genes (Core
et al., 2008; Neil et al., 2009; Seila et al., 2008; Xu et al.,
2009). We separated genes into bidirectional and unidirec-
tional classes based on evidence for sense and anti-sense
transcription start site associated RNAs (TSSa-RNAs) in ES
cells (Seila et al., 2008). To determine how DSIF and NELF
occupy the promoter-proximal regions of these two classes of
genes, we re-examined the ChIP-seq data for Pol II, Spt5,
NelfA and H3K79me2 (a marker for elongation) at higher
resolution (FIG. 3D). Approximately 65% of active genes
with TSSa-RNA reads fell into the bidirectional class, and at
the promoters of these genes we found the two sites occupied
by Pol Il were both co-occupied by NelfA and Spt5. Approxi-
mately 35% of active genes with TSSa-RNA reads fell into
the unidirectional class, and at the promoters of these genes
we found the one site occupied by Pol 11 was co-occupied by
NelfA and Spt5. These results demonstrate that the pause
factors DSIF and NELF generally co-occupy promoter proxi-
mal regions wherever Pol II is found, whether initiation is
occurring in one direction or two, further supporting the
model that P-TEFb-dependent pause release may be a general
feature of transcription initiation by Pol II.

Example 4

Pause Factor Knockdown Alters Pol II Gene
Occupancy

The pause factors NELF and DSIF co-occupy promoters
with Pol IT at most genes that experience transcription initia-
tion. Previous studies have shown that loss of NELF causes a
decrease in Pol I1 density at promoters, and thus a decrease in
Pol 11 traveling ratio (or pausing index), at a small number of
Drosophila genes (Muse et al., 2007). To determine how loss
of vertebrate NELF or DSIF might influence Pol II occu-
pancy, we used shRNA-mediated knockdown of NelfA and
Spt5 followed by Pol I1 ChIP-seq analysis in mES cells (FIG.
4).

The most significant change in Pol II density was found
following Spt5 knockdown, where increases in Pol 11 density
were frequently observed downstream of the promoter at
actively transcribed genes (FIG. 4B). At these active genes,
depletion of a pausing factor appeared to result in increased
transcription through the pause site but because there was
little effect on promoter proximal Pol II, high rates of initia-
tion maintained Pol II promoter levels. NelfA was found to
continue to occupy the promoter proximal regions following
Spt5 knockdown (FIGS. 12A, and 12B). The effects of Spt5
knockdown on Pol II density were quantified using the TR
metric (FIGS. 4C, FIGS. 12E, and 12F). There was a substan-
tial shift in TR upon Spt5 knockdown, demonstrating that
genes generally experience an increase in Pol I density in the
transcribed region at active genes when the levels of DSIF are
reduced. These results confirm that Spt5 function contributes
to the control of promoter-proximal Pol II in mES cells.

NelfA knockdown had less impact on Pol II occupancy
(FIGS. 4B, and 4C), but a modest effect was observed at some
genes and the pattern of change was similar to that observed
for the Spt5 knockdown experiment at non-productive genes,
as evidenced by the change in TR (FIGS. 12E, 12F, and 12G).
This result is similar to that observed previously in Droso-
phila embryos, where a fraction of genes showed a loss of Pol
1T density at the promoter (Muse et al., 2007). Spt5S occupancy
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was largely unaffected in the promoter proximal regions fol-
lowing NelfA knockdown (FIGS. 12C, and 12D). In sum-
mary, we find that Spt5 knockdown, and to a more limited
extent NelfA knockdown, can produce increased Pol I occu-
pancy in transcribed regions relative to promoter proximal
regions, consistent with the proposed roles of these factors in
controlling promoter-proximal pausing.

Example 5

c-Myc Binds P-TEFb and Contributes to Pause
Release in ES Cells

Certain DNA binding transcription factors may be respon-
sible for recruiting P-TEFD to release paused polymerase at
active genes if P-TEFb-dependent pause release is a general
feature of transcription by Pol II. There is evidence that the
transcription factor c-myc can bind P-TEFb and stimulate
elongation at specific genes in tumor cells (Eberhardy and
Farnham, 2001, 2002; Gargano et al., 2007; Kanazawa et al.,
2003). Because c-Myc is a key ES cell transcription factor
(Cartwright et al., 2005), which occupies a third of active
genes (see below), we investigated whether c-Myc plays a
role in P-TEFb-dependent pause release at the genes it occu-
pies in ES cells.

Ifc-Myc contributes to P-TEFb-dependent pause release in
ES cells, we hypothesized that it might bind P-TEFb in these
cells. To function as a transcription factor, c-Myc forms a
heterodimer with Max (reviewed in Eilers and Eisenman,
2008). We determined whether endogenous c-Myc/Max
interacts with P-TEFb in ES cells using co-immunoprecipi-
tation analysis. We found that immunoprecipitation of
P-TEFb components Cdk9 and CycT1 co-immunoprecipitate
Max and similarly, immunoprecipitation of c-Myc and Max
co-immunoprecipitate Cdk9 and CycT1 (FIG. 5A). There-
fore, c-Myc/Max can bind P-TEFbD in ES cells.

Ifapredominant function of c-Myc is to contribute to pause
release in ES cells, then we expected that it should be asso-
ciated almost exclusively with actively transcribed genes,
unlike other key ES cell regulators like Oct4 and Nanog,
which are associated with both active and repressed genes.
We examined published ChIP-Seq data to determine the frac-
tion of genes bound by c-Myc, Oct4 and Nanog that were
actively transcribed (Chen et al., 2008; Marson et al., 2008),
as indicated by the presence of nucleosomes containing his-
tones H3K4me3 and H3K79me?2 (FIG. 5B). Just over half of
Oct4 and Nanog occupied genes show evidence of transcrip-
tion elongation, as indicated by the presence of histone
H3K79me2. In contrast, almost all of the c-Myc occupied
genes have H3K79me2 modified nucleosomes, indicating
that the majority of c-Myc targets in mES cells experience
transcription elongation. Furthermore, c-Myc target genes
have lower TR values (the ratio of Pol II density at promoters
versus gene bodies) compared to non c-Myc targets (FIG.
5C). We estimate that 33% of actively transcribed genes in ES
cells are bound by c-Myc within 1 kb of the transcriptional
start site. The association of c-Myc with a substantial fraction
of actively transcribed genes, coupled with evidence that it
can bind P-TEFb, is consistent with the model that c-Myc
contributes to P-TEFb-dependent pause release at a large
portion of active genes in ES cells.

To more directly test whether c-Myc regulates pause
release and the associated Pol II CTD phosphorylation at
Ser2, we used a low molecular weight inhibitor of c-Myc/
Max, 10058-F4, which inhibits c-Myc/Max heterodimeriza-
tion both in vitro and in vivo (Hammoudeh et al., 2009; Wang
etal.,2007;Yinetal., 2003). Max co-occupies c-Myc binding
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sites as determined by ChIP, confirming that c-Myc and Max
function together at target genes in ES cells (FIG. 14A).
Treatment of mES cells with 10058-F4 (50 uM for 6 hours)
caused a decrease in the expression of most c-Myc target
genes tested, but did not affect the expression of two non-c-
Myc target genes, indicating that c-Myc/Max function is
inhibited by 10058-F4 under these conditions (FIG. 6A). The
magnitude of the decrease observed (~20-40%) is consistent
with the relatively short duration of inhibitor treatment rela-
tive to typical mRNA half-lives of ~7 hours in mES cells
(Sharova et al., 2009).

If a key function of c-Myc is to contribute to pause release
at the active genes it occupies in ES cells, then loss of c-Myc
would be expected to cause a reduction in the levels of Ser2-
phosphorylated Pol II (the form associated with elongation),
but should not affect the levels of Ser5-phosphorylated Pol 11
(the form associated with initiation). We found that treatment
of ES cells with 10058-F4 did indeed cause a significant
reduction in the levels of Pol II Ser2P, while Ser5P remained
unaffected (FIG. 6B).

If c-Myc regulates pause release, then inhibition by 10058-
F4 should have an effect on Pol Il levels in promoter and gene
bodies similar to that of flavopiridol, but only at c-Myc occu-
pied genes. We tested this idea by determining how 10058-F4
affects Pol I occupancy using ChIP-seq in mES cells. There
was little effect on Pol II density at promoters but there was a
clear reduction in transcribed regions (FIG. 6C). This effect
on Pol I density was also observed following c-Myc shRNA
knockdown (FIG. 14E). The magnitude of the effect with
10058-F4 was somewhat milder than with flavopiridol prob-
ably because the inhibition of c-Myc/Max heterodimerization
is not complete (Hammoudeh et al., 2009; Wang et al., 2007;
Yin et al., 2003). Treatment with 10058-F4 did not alter the
protein levels of P-TEFb components Cdk9 or CycT1, indi-
cating that this effect is not a result of reduced levels of
P-TEFb (FIG. 14B). Importantly, genes that lack evidence of
c-Myec binding showed patterns of Pol I occupancy that were
unaffected by treatment with 10058-F4 (FIG. 6C). We con-
firmed that genes that are not targets of c-Myc do require
P-TEFDb function to release paused Pol II by showing that
flavopiridol treatment causes a block in pause release (FIG.
6C, right panels), which suggests that transcription factors
other than c-Myc are involved in recruiting P-TEFb to stimu-
late pause release at these genes.

We carried out a more global analysis of the effect of
10058-F4 on Pol I occupancy of genes bound by ¢-Myc and
compared these patterns to genes that are not bound by this
factor but show evidence of elongation (FIG. 6D). The results
show that high-confidence c-Myc target genes generally
retained promoter-proximal Pol II but had reduced Pol II
density in their transcribed regions, whereas Pol Il occupancy
does not change at genes that are not c-Myc targets (FIG. 6D).
Further analysis confirmed that there were statistically sig-
nificant changes in the gene body (p=7.341e-06) but not the
promoter region (p=0.4536) of c-Myc targets (see Methods).
Additionally, following 10058-F4 treatment a substantial
increase in TR was observed at c-Myc target genes, but no
such shift was observed at non-c-Myc targets (FIG. 6E). A
similar shift in TR at the c-Myc target genes was also detected
following c-Myc shRNA knockdown, indicating genes
become more paused (FIG. 14F). The observation that
reduced c-Myc activity had little effect on the levels of pro-
moter-proximal Pol I but caused a reduction in the levels of
Pol 1I across transcribed portions of c-Myec target genes is
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consistent with the model that c-Myc/Max generally plays a
role in Pol II pause release at targets genes in mES cells.

Example 6

Loss of Oct4 and c-Myc have Different Effects on
Pol II Gene Occupancy

Loss ofanotherkey ES cell transcription factor, Oct4, leads
to reduced transcription of many Oct4-bound active genes in
ES cells (Hall et al., 2009; Matoba et al., 2006; Niwa et al.,
2000). To determine how loss of Oct4 affects Pol II levels at
the promoters and transcribed regions of its target genes, we
utilized a doxycycline-inducible Oct4 shutdown mES cell
line (Niwa et al., 2000) and monitored Pol II levels genome-
wide by ChIP-Seq before and after Oct4 shutdown (FIG. 7).
Oct4 protein levels were substantially reduced within 12 hrs
and were nearly eliminated at 24 hrs after exposure to doxy-
cycline (FIG. 7A). At Oct4-occupied genes that experience
reduced transcription, Pol II occupancy was generally
reduced in both the promoter proximal region and the gene
body at 12 and 24 hrs (FIG. 7B). These effects were not
observed at most genes that are not occupied by Oct4 (FIG.
7B). The loss of Pol II in the promoter-proximal regions of
Oct4 target genes, given the commensurate loss of Pol Il in the
gene body, is likely due to reduced recruitment of the tran-
scription apparatus. For these Oct4 target genes, where Pol 11
is lost from both promoter proximal and gene body regions,
we would expect no change in TR, and a global analysis of
such genes revealed that this is indeed the case (FIG. 7C). We
conclude that the pattern of reduced Pol II density at Oct4
target genes that occurs upon loss of Oct4 differs from that at
c-Myc target genes upon loss of c-Myc, and suggest that this
is due to differences in the stage at which the two transcription
factors play their dominant regulatory roles.

The Examples above describe several lines of evidence
supporting the contention that promoter-proximal pausing is
a general feature of transcription by Pol Il in ES cells. First,
genome-wide analysis shows that the bulk of Pol II occupies
the promoter proximal region of genes, even when these
genes are among the most actively transcribed in the cell.
Second, the pause factors DSIF and NELF typically co-oc-
cupy these sites with Pol I1, consistent with the idea that they
generally bind to the enzyme during early steps of transcrip-
tion elongation. Third, inhibition of the pause-release factor
P-TEFD prevents release of promoter proximal paused Pol 11
at essentially all genes.

The model that promoter proximal pausing is general has
several implications for transcriptional control. A step subse-
quent to recruitment of the transcription initiation apparatus
can, in principle, be regulated at any gene. Promoter proximal
pausing may facilitate assembly of RNA processing factors
and may couple transcription and mRNA processing events.
DSIF and Ser5P Pol II can bind capping enzyme and stimu-
late mRNA capping. Ser2 phosphorylation by P-TEFb leads
to splicing and 3' end processing factor recruitment to genes
and is required for proper processing. Promoter-proximal
pausing also provides a mechanism to control transcription
from bidirectional promoters, perhaps facilitating the forma-
tion of nucleosome-depleted regions and thus providing
improved access to regulators.

As described herein, multiple lines of evidence support the
contention that c-Myc/Max generally plays a role in Pol II
pause release at its target genes in ES cells, and does so
through recruitment of P-TEFb. Loss of c-Myc reduces the
levels of elongating Pol II but does not affect the levels of
promoter-proximal Pol II. Inhibition of c-Myc/Max function
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leads to a substantial reduction in the levels of Ser2-phospho-
rylated Pol II in cells, which is the form associated with
elongation, but does not affect the levels of Ser5-phosphory-
lated Pol II, which is the form associated with initiation. cMyc
binds P-TEFb, which is responsible for Ser2-phosphorylated
Pol II. Consistent with a role in pause release, c-Myc is
associated almost exclusively with genes that are actively
transcribed, unlike other key ES cell regulators like Oct4 and
Nanog, which occupy both active and repressed genes. Fur-
thermore, c-Myc occupies promoter-proximal sites (FIG.
13B), which are heavily enriched for the E-box core motifthat
it binds (FIG. 13C), where c-Myc would be optimally posi-
tioned to recruit P-TEFb.

Experimental Procedures

mES Cell Culture

V6.5 (C57BL/6-129) murine ES cells were grown under
typical mES conditions on irradiated mouse embryonic fibro-
blasts (MEFs). For location analysis, cells were grown for
two passages off of MEFs, on gelatinized tissue-culture
plates. For location analysis on mES cells following treat-
ment with small molecule inhibitors, cells were grown two
passages off feeders and prior to formaldehyde crosslinking,
the cells were treated by addition of the indicated final con-
centration of flavopiridol (1 uM for 1 hour for ChIP-chip and
ChIP-seq experiments, or the indicated concentration and
time for Western blot analysis), or c-Myc/Max inhibitor
10058-F4 (50 uM for 6 hours), both dissolved in DMSO, to
the growth medium. As a control, vehicle alone (DMSO) was
added to the growth medium at the same final volume as with
drug. Small molecule inhibitors used were: Flavopiridol
(Sigma cat #F3055), and c-Myc inhibitor 10058-F4 (Sigma
cat #F3680). For location analysis following shRNA knock-
down (OpenBiosystems), viral media was collected 48 hours
after co-transfection (in 293T cells) and the V6.5 mES cells
were directly infected with the viral media 24 hours after
initial plating of the mES cells. The infection media was 1:2
viral media:mES cell media with 2 mM polybrene. The effi-
ciently infected cells were selected for 24 hours post infection
with mES cell media containing 2 uM puromycin. V6.5 cells
were cross-linked 72 hours post selection and frozen for
ChIP-Seq experiments and western blotting. For location
analysis following Oct4 shutdown, ZHBTc4 mES cells
(Niwa et al., 2000) were grown under standard mES cell
culture conditions and expanded for two passages off MEF
feeders. ES cell culture media with 2 pg/ml doxycycline was
added to the cells for O hours, 12 hours and 24 hours prior to
formaldehyde crosslinking.

Chromatin Immunoprecipitation (ChIP)

ChIP was done following the Agilent Mammalian ChIP-
on-chip protocol (version 9.1, November 2006). The antibod-
ies and ChIP conditions used can be found in the Supplemen-
tal Information. For ChIP-chip analysis, Cy3- and Cy5-
labeled ligation mediated PCR products were hybridized to a
44,000 feature Agilent mouse microarray. For ChIP-seq
analysis, Solexa/lllumina sequencing and analysis was done
following the protocol described in Marson et al. 2008. Refer
to the Supplemental Information for a detailed description of
these methods.

Active and Non-Productive Gene Classes in mES Cells

The active and non-productive genes were classified in
mES cells using H3K4me3 (initiation-associated chromatin
modification) and H3K79me2 (elongation-associated chro-
matin modification), as determined by ChIP-seq (Marson et
al. 2008), as markers of transcriptional state. Active genes
with both H3K4me3 and H3K79me2 chromatin modifica-
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tions, non-productive genes had only H3K4me3 and inactive
genes did not have H3K4me3 or H3K79me2 chromatin modi-
fications (Guenther etal., 2007; Marson et al., 2008; Morillon
et al., 2005; Pokholok et al., 2005; Schubeler et al., 2004).

Traveling Ratio Calculation

Pol II levels peak in the 5' region of many genes. To quan-
tify this effect, we have developed a measure called Traveling
Ratio (TR) that compares the ratio between Pol II density in
the promoter and in the gene region. We defined the promoter
region from -30 to +300 relative to the TSS and the gene body
as the remaining length of the gene. See also FIG. 9 and FIG.
15.

Heatmap Analysis of ChIP-seq Data

ChlIP-seq enrichment for the indicated factor or modifica-
tion was determined in 50 bp bins (enrichment in the bin as
counts per million), centered on each transcriptional start site.
Generally, the gene list for each representation was rank
ordered based on the amount of Pol II (all) in mES cells, from
most to least to correlate the enrichment of the given factor
with the amount of Pol II at each gene. Cluster 3.0 (http://
bonsai.ims.u-tokyo.ac.jp/~mdehoon/software/cluster/soft-
warehtm) and Java Treeview (www.jtreeview.source-
forge.ne) were used to visualize the data and generate figures
shown herein.

Previously Published ChIP-seq Datasets Used in this Study

H3K4me3, H3K79me2, and Oct4 occupancy in mES cells
(Marson et al., 2008); Nanog and c-Myc occupancy in mES
cells (Chen et al., 2008); and H3K27me3 occupancy in mES
cells (Mikkelsen et al., 2007).

The Following ChIP-seq Datasets were Generated for this
Work as Described Herein:

RNAPolII_Phosphorylation_Tracks. WIG.gz—contains
three ChlP-seq datasets mapped to mouse genome mm8
using a +200 bp extension model that can be uploaded to the
UCSC genome browser to view binding events (http:/
genome.ucsc.edu/). The datasets include Pol IT Ser5P in wild-
type V6.5 mES cells, Pol Il Ser2P in wildtype V6.5 mES cells,
and Pol II (all) in wildtype V6.5 mES cells+shControl.
Enrichment is shown as counts per million reads in 25 bp
genomic bins and the track floor is at 1 count per million
reads. Additional tracks identify genomic regions that have
been determined enriched above background at the given p
value.

Factor_Tracks. WIG.gz—contains three ChIP-seq datasets
mapped to mouse genome mm$ using a +200 bp extension
model that can be uploaded to the UCSC genome browser to
view binding events. The datasets include Spt5, NelfA, and
Ctr9 in wildtype V6.5 mES cells. Enrichment is shown as
counts per million reads in 25 bp genomic bins and the track
floor is at 1 count per million reads. Additional tracks identify
genomic regions that have been determined enriched above
background at the given p value.

RNAPolII_PauseFactorKnockdown_Tracks. WIG.gz—
contains three ChIP-seq datasets mapped to mouse genome
mmS8 using a +200 bp extension model that can be uploaded
to the UCSC genome browser to view binding events. The
ChIP experiments were done using the N20 Pol II antibody
(sc-899).to determine total Pol II occupancy. The datasets
include Pol II (all) mES V6.5+shSpt5, Pol II (all) in mES
V6.5+shNelfA, and Pol II (all) mES V6.5+shControl. Bind-
ing enrichment tracks for all datasets are shown as rank nor-
malized counts in 25 bp genomic bins and the track floor is at
2 count per million reads. Rank normalized data is indicated
with the title of the track (title of the track is, for example,
mES_Pol2_shControl_norm). Additional tracks identify
genomic regions that have been determined enriched above
background at the given p value.
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RNAPolII_FlavopiridolTreated_Tracks. WIG.gz—con-
tains two ChIP-seq datasets mapped to mouse genome mm8
using a +200 bp extension model that can be uploaded to the
UCSC genome browser to view binding events. The ChIP
experiments were done using the N20 Pol II antibody (sc-
899) to determine total Pol IT occupancy. The datasets include
Pol 1I (all) in mES V6.5+DMSO control, and Pol II (all) in
mES V6.5+flavopiridol (P-TEFb inhibitor). In these experi-
ments, cells were treated with either flavopiridol (1 uM) or
DMSO alone for 60 minutes prior to crosslinking and ChIP
with Pol II antibody. Binding enrichment tracks for all
datasets are shown as rank normalized counts in 25 bp
genomic bins and the track floor is at 2 count per million
reads. Rank normalized data is indicated with the title of the
track (title of the track is, for example,
mES_Pol2_Flavo_norm). Additional tracks identify genomic
regions that have been determined enriched above back-

ground at the given p value.

RNAPolII__10058F4Treated_Tracks. WIG.gz—contains
two ChIP-seq datasets mapped to mouse genome mm$ using
a +200 bp extension model that can be uploaded to the UCSC
genome browser to view binding events. The ChIP experi-
ments were done using the N20 Pol II antibody (sc-899) to
determined total Pol I occupancy. The datasets include Pol 11
(all) in mES V6.5+DMSO control, and Pol I (all) in mES
V6.5+10058-F4 (c-Myc/Max inhibitor). In these experi-
ments, cells were treated with either 10058-F4 (S00M) or
DMSO alone for 6 hours prior to crosslinking and ChIP with
Pol II antibody. Binding enrichment tracks for all datasets are
shown as rank normalized counts in 25 bp genomic bins and
the track floor is at 2 count per million reads. Rank normal-
ized data is indicated with the title of the track (title of the
track is, for example, mES_DMSO_norm). Additional tracks
identify genomic regions that have been determined enriched
above background at the given p value.

RNAPolII_cMycKnockdown_Tracks.WIG.gz—contains
two ChIP-seq datasets mapped to mouse genome mm$ using
a +200 bp extension model that can be uploaded to the UCSC
genome browser to view binding events. The ChIP experi-
ments were done using the N20 Pol II antibody (sc-899) to
determine total Pol II occupancy. The datasets include Pol 11
(all) mES V6.5+shc-Myc and Pol 11 (all) mES V6.5+shCon-
trol. Binding enrichment tracks for all datasets are shown as
rank normalized counts in 25 bp genomic bins and the track
floor is at 2 count per million reads. Rank normalized data is
indicated with the title of the track (title of the track is, for
example, mES_Pol2_shControl_norm). Additional tracks
identify genomic regions that have been determined enriched
above background at the given p value.

RNAPolII_Oct4Shutdown_Tracks. WIG.gz—contains
two ChIP-seq datasets mapped to mouse genome mm$ using
a +200 bp extension model that can be uploaded to the UCSC
genome browser to view binding events. The ChIP experi-
ments were done using the N20 Pol II antibody (sc-899) to
determine total Pol II occupancy. The datasets include Pol 11
(all) mES ZHBTc4+doxycycline 0 hours, Pol II (all) mES
ZHBTc4+doxycycline 12 hours, and Pol II (all) mES
ZHBTc4+doxycycline 24 hours. Binding enrichment tracks
for all datasets are shown as rank normalized counts in 25 bp
genomic bins and the track floor is at 2 count per million
reads. Rank normalized data is indicated with the title of the
track (title of the track is, for example, mES_Pol2_Dox0
hr_norm). Additional tracks identify genomic regions that
have been determined enriched above background at the
given p value.
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total number of unique

Dataset reads used for analysis
Pol II Ser5P 3543456
Pol II Ser2P 10231400
Spt5 4639835
NelfA 3406514
Ctr9 4672291
Pol II (all) sh Control 5156732
Pol II (all) sh NelfA 3785780
Pol II (all) sh Spt5 3369501
Pol II (all) DMSO control 1991231
Pol 11 (all) flavopiridol-treated 3001750
Pol II (all) DMSO control (for 10058-F4 6320713
experiment)

Pol II (all) 10058-F4-treated 4429350
Pol II (all) sh Control (for sh c-Myc) 6027028
Pol II (all) sh c-Myc 7031951
Pol 1T (all) O hr doxycyelin (ZHBTc4 cells) 9820076
Pol II (all) 12 hr doxycyclin (ZHBTc4 9211878
cells)

Pol II (all) 24 hr doxycyclin (ZHBTc4 7392695
cells)

Table S1.Total number of reads for each chip-seq dataset. A
list of the total number Of chip-seq mapped reads used from
each dataset for analysis in this study.

Number Number of Genes Number of Genes
of Genes with TR > 2 with TR <2
Pol IT bound 11456
Pol II bound with 6842 6252 590
H3K79me? (active)
Pol IT bound without 4614 4184 430
H3K79m?2 (non-
productive)
Inactive 10407 NA NA

Table S2. Number of genes classified as active, non-pro-
ductive and inactive. This table lists the number of genes in
each gene class (active, non-productive and inactive). 21865
total RefSeq genes were used for this analysis. Active genes
are bound by Pol II and H3K79me2 (marker of elongation),
non-productive genes are bound by Pol I but not H3K79me2
and inactive genes are not bound by either. Binding is deter-
mined at p=1e-9, a stringent cutoff to minimize false posi-
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tives. In FIG. 1¢, we determine that approximately 91% of 45

genes have a TR greater than 2 and 9% of genes had a TR less
than or equal to 2. We list the number of genes in each of these
classes as they fall into the active and non-productive gene
classes.

Table s3 (data not shown). Enriched genes, at 1E-9, for
each ChIP-seq dataset. Please see FIGS. 1,2,3,4,5, 6 and 7.
List of the genes tested for enrichment for each ChIP-seq
dataset. 1 denotes enriched over background and O denotes
not enriched at 1e-9 over background. Binding is determined
at p=le-9, a stringent cutoff to minimize false positives.
Enrichment was determined 1000 bp upstream or down-
stream of each transcriptional start site. The genomic coordi-
nates refer to mouse genome build mm8 The minimum
enrichment for calling a bound region is 5 fold enriched over
background reads with a statistical significance of p=1e-9.

Table s4 (data not shown). ChIP-seq enriched regions, at
le-9, foreach factor. Please see F1IGS. 1, 2, 3, and 4. List of the
regions enriched above background for each factor where the
enriched region start and enriched region end is listed. The
genomic coordinates correspond to mouse genome build
mm8. The minimum enrichment for calling an enriched
region is 5 fold enriched over background at a statistical
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significance of p=1e-9, a stringent cutoff to minimize false
positives. Additionally, the nearest transcript is listed, if it is
within 1000 bp of the enriched region. The enriched region
for each factor is represented as separate tabs in the excel file.
See also, Rahl P B, et al., c-Myc regulates transcriptional
pause release. Cell. 141(3):432-45, 2010, and its supplemen-
tal information and tables, incorporated herein by reference.

Supplemental Experimental Procedures

mES Cell Culture

V6.5 (C57BL/6-129) murine ES cells were grown under
typical mES conditions on irradiated mouse embryonic fibro-
blasts (MEFs). In summary, cells were grown on gelatinized
tissue culture plates in Dulbecco’s modified Eagle medium
supplemented with 15% fetal bovine serum (characterized
from Hyclone), 1000 U/ml leukemia inhibitory factor (LIF,
Chemicon; ESGRO ESG1106), non-essential amino acids,
L-glutamine, Penicillin/Streptomycin and p-mercaptoetha-
nol. For location analysis, cells were grown for two passages
off of MEFs, on gelatinized tissue-culture plates. Mouse
embryonic fibroblasts were prepared and cultured from DR-4
strain mice.

For location analysis following Spt5 and NelfA knock-
down, shRNA plasmids targeting the mouse Spt5 and NelfA
mRNAs and an empty plasmid (control) (Open Biosystems,
Huntsville, Ala. RMM4534-NM__ 013676, RMM4534-
NM_011914, and RMM4534 NM_ 010849, RHS4080)
were used. We purchased and tested each set of shRNA hair-
pins for ability of each hairpin to knockdown the mRNA of
the factor of interest. We then selected the hairpin that per-

formed the best for use in ChIP-seq analysis. For Spt5, hairpin
TRCNO0000092761 was used. For NelfA, hairpin
TRCNO0000124874 was wused. For c¢-Myc, hairpin

TRCNO0000042516 was used. 293T cells were plated in
6-well dishes at 6x1075 cells/well. The shRNA plasmids and
lentiviral components were co-transfected into 293T cells.
V6.5 mES cells were plated in T-75 flasks at 2x10°6 cells/
flask. Viral media was collected 48 hours after co-transfection
and the V6.5 mES cells were directly infected with the viral
media 24 hours after initial plating of the mES cells. The
infection media was 1:2 viral media:mES cell media with 2
mM polybrene. The efficiently infected cells were selected
for 24 hours post infection with mES cell media containing 2
UM puromycin. V6.5 cells were cross-linked 72 hours post
selection and frozen for ChIP-Seq experiments and western
blotting. To assess mRNA knockdown a small fraction of
cells were collected and mRNA was prepared (using a Qiagen
RNeasy Mini Kit, Qiagen, Valencia, Calif.). RT-qPCR was
used to determine relative gene expression between mock
knockdown and shRNA knockdown samples. Tagman gene
expression assays from Applied Biosystems, Foster City,
Calif. were ordered for the Spt5, NelfA, and GAPDH (con-
trol) genes (MmO01217228_ml, MmO01170629_ml,
Mm99999915_g1, Mm00487804_m1). Western blot analy-
sis (described below) was done to assess knockdown at the
protein level prior to ChIP-seq analysis. c-Myc knockdown
was also assessed at the mRNA level (described below) using
RT-PCR. For location analysis on mES cells following treat-
ment with small molecule inhibitors, cells were grown two
passages off feeders and prior to formaldehyde crosslinking,
the cells were treated by addition of the indicated final con-
centration of flavopiridol (1 uM for 1 hour for ChIP-chip and
ChIP-seq experiments, or the indicated concentration and
time for Western blot analysis), or c-Myc/Max inhibitor
10058-F4 (50 uM for 6 hours for ChIP-seq experiments or the
indicated time for Western blot analysis), both dissolved in
DMSO, to the growth medium. 50 uM is within the concen-
tration range commonly used for 10058-F4 in vivo to inves-
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tigate c-Myc function (Arabi et al., 2005; Fang et al., 2008;
Faumont et al., 2009; Follis et al., 2008; Hammoudeh et al.,
2009; Khanna et al., 2009; Lee et al., 2009; Sampson et al.,
2007; Wang et al., 2007). As a control, vehicle alone (DMSO)
was added to the growth medium at the same final volume as
with drug. Small molecule inhibitors used were: Flavopiridol
(Sigma cat #F3055), and c-Myec inhibitor 10058-F4 (Sigma
cat #F3680). For location analysis following Oct4 shutdown,
ZHBTc4 mES cells (Niwa et al., 2000) were grown under
standard mES cell culture conditions and expanded for two
passages off MEF feeders. ES cell culture media with 2 png/ml
doxycycline was added to the cells for 0 hours, 12 hours and
24 hours prior to formaldehyde crosslinking Loss of Oct4 was
assessed using Western Blot analysis (see below). Oct4 pro-
tein was essentially depleted at the 24 hour time point and we
noticed that the cells appeared morphologically different
from mES cells and the 0 hr and 12 hr time points. It is well
established that loss of Oct4 causes ES cell differentiation.
Therefore, in order to minimize measuring secondary effects,
we performed our TR analysis on Oct4 targets and non-
targets on the earliest time points: 0 hr and 12 hr following
doxycycline treatment.

Chromatin Immunoprecipitation (ChIP)

ChIP was done following the Agilent Mammalian ChIP-
on-chip protocol (version 9.1, November 2006). In summary,
mES cells were grown as described above and cross-linked
for 15 minutes at room temperature by the addition of one-
tenth of the volume of 11% formaldehyde solution (11%
formaldehyde, 50 mM Hepes pH 7.3, 100 mM NaCl, 1 mM
EDTA pH 8.0, 0.5 mM EGTA pH 8.0) to the growth media
followed by two washes with PBS. Cells were scraped and
frozen in liquid nitrogen. 100ul of Dynal magnetic beads
(Sigma) were blocked with 0.5% BSA (w/v) in PBS. Mag-
netic beads were bound with 10 ug of the indicated antibody.
Antibodies used are as follows: Pol II (all; Rpb1 N-terminus):
Santa Cruz sc-899; Ser5P Pol II: Abcam ab5131; Ser2P Pol I1:
Abcam (HS clone) ab24758 with Upstate 1gG-IgM linker
antibody 12-488; Spt5: gift from Yuki Yamaguchi and Hiroshi
Handa (Wada et al., 1998); NelfA: Santa Cruz (A-20)
$¢-23599; Ctr9: Bethyl labs A301-395; and Max: Santa Cruz
sc-197. For all of the experiments analyzing Pol IT occupancy
following shRNA-mediated knockdown, flavopiridol, or
10058-F4 treatment, the Pol I1 (all; Santa Cruz sc-899, Pol I1
N-20) antibody was used. Crosslinked cells were lysed with
lysis buffer 1 (50 mM Hepes pH 7.3, 140 mM NaCl, 1 mM
EDTA, 10% glycerol, 0.5% NP-40, and 0.25% Triton X-100)
and washed with lysis buffer 2 (10 mM Tris-HCI pH 8.0, 200
mM NaCl, 1 mM EDTA pH 8.0 and 0.5 mM EGTA pH 8.0).

For Spt5 ChlPs, cells were resuspended and sonicated in
lysis bufter 3 (10 mM Tris-HCI pH 8.0, 100 mM NaCl, 1 mM
EDTA pH8.0,0.5mM EGTA pH 8.0, 0.1% Na-Deoxycholate
and 0.5% N-lauroylsarcosine) for 8 cycles at 30 seconds each
on ice (18 watts) with 60 seconds on ice between cycles.
Triton X-100 was added to a final concentration of 1% to the
sonicated lysates. Sonicated lysates were cleared and incu-
bated overnight at 4° C. with magnetic beads bound with
antibody to enrich for DNA fragments bound by the indicated
factor. Beads were washed four times with RIPA (50 mM
Hepes pH 7.3, 500 mM LiCl, 1 mM EDTA, 1% NP-40 and
0.7% Na-Deoxycholate) and once with TE+50 mM NaCl.
Bound complexes were eluted in elution buffer (50 mM Tris-
HCI1 pH 8.0, mM EDTA pH 8.0, 1% SDS) at 65° C. for 15
minutes with occasional vortexing. Cross-links were reversed
overnight at 65° C. RNA and protein were digested using
RNAse A and Proteinase K, respectively and DNA was puri-
fied with phenol chloroform extraction and ethanol precipi-
tation.
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For Pol II Ser5P, Pol 11 (all), NelfA, Ctr9 and Max ChlIPs,
cells were resuspended and sonicated in sonication buffer (50
mM Tris-HCI pH 7.5, 140 mM NaCl, 1 mM EDTA, 1 mM
EGTA, 1% Triton X-100, 0.1% Na-deoxycholate, 0.1% SDS)
for 8 cycles at 30 seconds each on ice (18 watts) with 60
seconds on ice between cycles. Sonicated lysates were
cleared and incubated overnight at 4° C. with magnetic beads
bound with antibody to enrich for DNA fragments bound by
the indicated factor. Beads were washed three times with
sonication buffer, one time with sonication buffer with 500
mM NaCl, one time with LiCl wash buffer (20 mM Tris pH
8.0, 1 mM EDTA, 250 mM LiCl, 0.5% NP-40, 0.5% Na-
deoxycholate) and one time with TE. DNA was eluted in
elution bufter. Cross-links were reversed overnight. RNA and
protein were digested using RNAse A and Proteinase K,
respectively and DNA was purified with phenol chloroform
extraction and ethanol precipitation.

For Pol II Ser2P ChlIP, cells were resuspended and soni-
cated in sonication buffer I (50 mM Tris-HCI pH 7.5, 140
mM NaCl, 1 mM EDTA, 1 mM EGTA, 1% Triton X-100,
0.1% Na-deoxycholate, 0.1% SDS) for 8 cycles at 30 seconds
each on ice, at 18 watts with 60 seconds on ice between
cycles. Sonicated lysates were cleared and incubated over-
night at 4° C. with magnetic beads bound with antibody to
enrich for DNA fragments bound by Pol II Ser2P. Beads were
washed two times with sonication buffer II, one time with
LiCl wash butfer (2 mM Tris pH 8.0, 0.02 mM EDTA, 50 mM
LiC1, 0.1% NP-40, 0.1% Na-deoxycholate) and one wash
with TE. DNA was eluted in elution buffer. This protocol is
similar to that used in (Stock et al., 2007). Cross-links were
reversed overnight. RNA and protein were digested using
RNAse A and Proteinase K, respectively and DNA was puri-
fied with phenol chloroform extraction and ethanol precipi-
tation.

ChIP-PCR Analysis

Max ChIP DNA was analyzed using SYBR Green real-
time PCR analysis (Applied Biosystems). Fold enrichment
was determined from replicate PCR reactions at seven c-Myc
binding sites (Prdx1, Josd3, Actb, Eeflgl, Nol5, Mat2a,
Ybx1) and one non-c-Myc binding site (Gatal), as deter-
mined by previously published c-Myc ChIP-seq (Chen et al.,
2008), over input DNA. The oligos used for this analysis are:

Prdxl fwd:
ttagttccceggacctgttyg

Prdxl rev:
acaaactcgtcccaccaag

Josd3 fwd:
cctggagggegtttttagt

Josd3 rev:
accctttecggaacgtaacc

Actb fwd:
gatcactcagaacggacacc

Actb rev:
acacgctaggcgtaaagttyg

Eeflgl fwd:
CTGGGTCTCCATTGTCTGG

Eeflgl rev:
AGTTCCACCAACCTGCTCA

Nol5 fwd:
GGCTCCGAAAAGATGTGAA
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-continued
Nol5 rev:
AGCAGAGGTCGCCCTAAAT

Mat2a fwd:
GTCTCCGAAGGTCCCATCT

Mat2a rev:
TGAAGGCTAAAGGGCATGT

Ybx1l fwd:
AGATCCTGGACCGACTTCC

Ybxl rev:
GTTCCCAAAACCTTCGTTG

Gatal fwd:
agagcctaaaaggtcctcca

Gatal rev:
caccttctccctectettte

Hybridization to DNA Microarray

Purified immunoprecipitated DNA was amplified using
two rounds of ligation mediated PCR (LM PCR), as described
in (Lee et al., 2006b) and the Agilent Mammalian ChIP-on-
chip protocol (version 9.1, November 2006). LM-PCR
immunoprecipitated DNA was labeled with Cy5, LM-PCR
input DNA was labeled with Cy3 using Invitrogen Bioprime
random primer labeling kit. For microarray hybridization, the
Agilent Mammalian ChIP-on-chip protocol (version 9.1,
November 2006) was followed. In brief, mouse Cotl DNA,
Agilent blocking buffer (1x final conc.), Agilent hybridiza-
tion buffer (1x final conc.), was added to Cy5- and Cy3-
labeled DNA. The mixture was incubated at 95° C. for 3
minutes, followed by 37° C. for 30 minutes. Sample was
centrifuged for 1 min and sample was hybridized to Agilent
DNA microarray. For experiments testing effects of flavopiri-
dol on NelfA and Spt5 occupancy, and NelfA or Spt5 occu-
pancy following Spt5 or NelfA knockdown, respectively,
ChIP samples were hybridized to Agilent arrays MTvB (44,
000 features covering the promoter region, from approxi-
mately -6 kb to +2 kb, of approximately 10% of mouse
genes—MTvB). DNA was hybridized to microarray for 40
hours at 65° C. Microarray was washed and scanned follow-
ing the Agilent Mammalian ChIP-on-chip protocol. The Agi-
lent DNA microarray scanner BA was used. PMT settings
were set manually to normalize bulk signal in the Cy3 and
Cy5 channel. Data was processed as described in (Lee et al.,
2006a) to calculate enrichment ratios and determine bound
regions. Figures presented in this application using ChIP-chip
data display the chromosomal coordinates from mouse
genome build mm6.

Solexa/lllumina Sequencing

All protocols used for Solexa/Illumina ChIP-seq analysis
(sample preparation, polony generation on Solexa flow-cells,
sequencing, and Solexa data analysis) are described in (Guen-
ther et al., 2008; Marson et al., 2008). A summary of the
protocol used is described below.

Sample preparation. Purified immunoprecipitated DNA
was prepared for sequencing according to a modified version
of the [llumina/Solexa Genomic DNA protocol. Fragmented
DNA was prepared by repairing the ends and adding a single
adenine nucleotide overhang to allow for directional ligation.
A 1:100 dilution (in water) of the Adaptor Oligo Mix (Illu-
mina) was used in the ligation step. A subsequent PCR step
with limited (18) amplification cycles added additional linker
sequence to the fragments to prepare them for annealing to the
Genome Analyzer flow-cell. Following amplification, the
library was size selected to a narrow range of fragment sizes
by separation on a 2% agarose gel and a band between 150-
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300 bp (representing shear fragments between 50 and 200 nt
in length and ~100 bp of primer sequence) was excised. The
DNA was purified from the agarose and this DNA library was
subsequently used for polony generation and sequencing.

Polony Generation and Sequencing. The DNA library (2-4
pM) was applied to the flow-cell (8 samples per flow-cell)
using the Cluster Station device from [llumina. The concen-
tration of library applied to the flow-cell was calibrated such
that polonies generated in the bridge amplification step origi-
nate from single strands of DNA. Multiple rounds of ampli-
fication reagents were flowed across the cell in the bridge
amplification step to generate polonies of approximately
1,000 strands in 1 pm diameter spots. Double stranded polo-
nies were visually checked for density and morphology by
staining with a 1:5000 dilution of SYBR Green I (Invitrogen)
and visualizing with a microscope under fluorescent illumi-
nation. Validated flow-cells were stored at 4° C. until
sequencing.

Flow-cells were removed from storage and subjected to
linearization and annealing of sequencing primer on the Clus-
ter Station. Primed flow-cells were loaded into the Illumina
Genome Analyzer 1G. After the first base was incorporated in
the Sequencing-by-Synthesis reaction the process was
paused for a key quality control checkpoint. A small section
of'each lane was imaged and the average intensity value forall
four bases was compared to minimum thresholds. Flow-cells
with low first base intensities were re-primed and if signal
was not recovered the flow-cell was aborted. Flow-cells with
signal intensities meeting the minimum thresholds were
resumed and sequenced for 26 or 32 cycles.

Solexa Data Analysis. Images acquired from the [llumina/
Solexa sequencer were processed through the bundled Solexa
image extraction pipeline, which identified polony positions,
performed base-calling and generated QC statistics.
Sequences were aligned using ELAND software to NCBI
Build 36 (UCSC mm8) of the mouse genome. Only
sequences that mapped uniquely to the genome with zero or
one mismatch were used for further analysis. When multiple
reads mapped to the same genomic position, a maximum of
two reads mapping to the same position were used. Refer to
Table S1 for a list of the total number of mapped reads used
for analysis of each ChIP-seq dataset.

Analysis methods were derived from previously published
methods (Johnson et al., 2007; Mikkelsen et al., 2007; Mar-
son et al., 2008; Guenther et al., 2008). Sequence reads from
multiple flow cell runs were combined for Pol IT Ser2P ChIP-
seq dataset. Each read was extended 100 bp, towards the
interior of the sequenced fragment, based on the strand of the
alignment. The number of ChIP-Seq reads across the
genome, in 25 bp bins within a 1 kb window surrounding each
bin (+/-500 bp) was tabulated. The 25 bp genomic bins that
contained statistically significant ChIP-Seq enrichment was
identified by comparison to a Poissonian background model.
Assuming background reads are spread randomly throughout
the genome, the probability of observing a given number of
reads in a 1 kb window can be modeled as a Poisson process
in which the expectation can be estimated as the number of
mapped reads multiplied by the number of bins (40) into
which each read maps, divided by the total number of bins
available (we estimated 70%). Enriched bins within 1 kb of
one another were combined into regions. The complete set of
RefSeq genes was downloaded from the UCSC table browser
(http://genome.ucsc.edu/cgi-bin/hgTables?command=start)
on Dec. 20, 2008. Genes with enriched regions within 1 kb to
their transcription start site to annotated stop site were called
bound.
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The Poissonian background model assumes a random dis-
tribution of background reads, however we have observed
significant deviations from this expectation. Some of these
non-random events can be detected as sites of apparent
enrichment in negative control DNA samples and can create
many false positives in ChIP-Seq experiments. To remove
these regions, we compared genomic bins and regions that
meet the statistical threshold for enrichment to a set of reads
obtained from Solexa sequencing of DNA from whole cell
extract (WCE) in matched cell samples. We required that
enriched bins and enriched regions have five-fold greater
ChIP-Seq density in the specific IP sample, compared with
the control sample, normalized to the total number of reads in
each dataset. This served to filter out genomic regions that are
biased to having a greater than expected background density
of ChIP-Seq reads. A summary of the bound regions and
genes for each antibody is provided in Table S3 and Table S4.

For comparison of Pol II occupancy following either
shRNA-mediated knockdown or small molecule inhibition
with a control dataset, rank normalization was used to nor-
malize the datasets to be compared. This normalization
method is described in (Bilodeau et al., 2009). Briefly, a
quantile normalization method was used for analysis. For
each dataset compared, the genomic bin with the greatest
ChIP-Seq density was identified. The average of these values
was calculated and the highest signal bin in each dataset was
assigned this average value. This was repeated for all genomic
bins from the greatest signal to the least, assigning each the
average ChIP-Seq signal for all bins of that rank across all
datasets.

Active and Non-Productive Gene Classes in mES Cells

The active and non-productive genes were classified in
mES cells using H3K4me3 (initiation-associated chromatin
modification) and H3K79me2 (elongation-associated chro-
matin modification), as determined by ChIP-seq (Marson et
al. 2008), as markers of transcriptional state. Active genes
with both H3K4me3 and H3K79me2 chromatin modifica-
tions, non-productive genes had only H3K4me3 and inactive
genes did not have H3K4me3 or H3K79me2 chromatin modi-
fications. When showing Rpl3 as the example of the active
gene and Surb 7 as the example of the non-productive gene in
FIG. 1A and FIG. 3A, the Pol II (all) dataset used for gener-
ating the gene plots was Pol II (all) shControl (from shSpt5
and shNelfA experiment).

Traveling Ratio Calculation

Pol II levels peak in the 5' region of many genes. To quan-
tify this effect, we have developed a measure called Traveling
Ratio (TR) that compares the ratio between Pol II density in
the promoter and in the gene region. We first defined the
promoter region from -30 to +300 relative to the TSS and the
gene body as the remaining length of the gene. We next
calculated the average density/nt from rank normalized ChIP-
seq density files (described in Bilodeau et al. 2009) for each
region and computed the TR as the ratio between the two.
Following perturbation from either shRNA knockdown or
small molecule inhibition, TR can shift either through
changes in the density of promoter proximal Pol II or changes
in the gene body Pol II density. For example, FIG. 12 shows
examples of genes where knockdown of Spt5 or NelfA cause
a decrease in promoter proximal Pol II density while FIG. 4B
shows examples where knockdown of Spt5 causes increases
in Pol II density in gene bodies, sometimes accompanied by
lower amounts of promoter proximal density.

TR values were calculated for all Pol IT bound genes. Pol I1
occupancy profiles and their corresponding TR value for sev-
eral example genes are shown in FIG. 9. For this figure, the
PolII (all) shControl (from shNelfA and shSpt5 experiment)
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was used for the gene plots. TR values also show strong
agreement between the two control datasets (Pol I shControl
and Pol II DMSO), as distributions of TR values are not
statistically different (p-Value <0.5) as determined by a
Welch’s T-Test (FIG. 15A).

TR values were plotted as a function of gene expression in
FIG. 15B. Expression data used was from (Hailesellasse Sene
etal.,2007). No statistically significant correlation was found
between TR and gene expression. In contrast, when Pol II
Ser2P occupancy at the gene end (the region +/-1 kb from the
3'end of the gene) is plotted as a function of gene expression
(FIG. 15C), we see a weak correlation between the two vari-
ables.

Mapping DSIF and NELF Peaks Relative to Pol II Peaks
and Correlation Calculations

We find that NelfA and Spt5 enrichment spatially overlaps
distributions of Pol II near TSS. To determine the spatial
relationships between Pol 11, NELF, and DSIF, at individual
genes, we mapped the location of significant peaks of Spt5
and NelfA relative to locations of downstream Pol Il peaks, as
determined by a high resolution peak finding algorithm. This
algorithm is designed to operate on top of traditional bound
region enrichment models—such as the one used in this
study—to precisely map binding sites from ChIP-Seq data at
higher resolution. The method operates on the assumption
that broader “bound regions” of statistical enrichment have
already been defined, and that within these “bound regions”,
exists one or more true binding events. Our method is similar
to methods used to map ChIP-Seq peaks (Zhang et al., 2008,
Marson et al. 2008) in that it primarily utilizes the require-
ment of a paired forward read and reverse read peak. We
searched 500 nt upstream and downstream of the Pol II peak
for the most significant peak in NelfA and Spt5 ChIP-Seq
enrichment that was called enriched above 1e-9 threshold by
our gene calling algorithm. If a gene was not enriched for
NelfA or Spt5 at this threshold, then it was automatically
determined as not co-localized with the Pol II peak.

88% of downstream Pol II peaks were co-localized by a
corresponding peak of NelfA. Similarly, 61% of Pol II peaks
were co-localized by a corresponding Spt5 peak. By visual
inspection, we found a majority of Pol II peaks where the
peak-finding algorithm failed to identify co-localized Spt5
and NelfA peaks to be co-occupied by NelfA or Spt5 peaks,
just below cutoff thresholds for calling a bound gene. This
suggests that the high threshold of the peak finding algorithm
under reported the number of true instances of Pol II and
NELF/DSIF co-localization, and indeed NelfA and Spt5
occupancy positively correlate with Pol II occupancy (FIG.
11A) further support for general co-localization of NELF and
DSIF to Pol II. Almost all identified promoter proximal peaks
of'Spt5 and NelfA occurred within +/-50 nt of the Pol II peak.
In contrast, when we applied the same analysis to nearest
peaks of H3K4me3, the majority of peaks were found more
than +/-50 nt from the Pol II peak.

Heatmap Analysis on ChIP-seq Occupancy

ChIP-seq enrichment for the indicated factor or modifica-
tion was determined in 50 bp bins (enrichment in the bin as
counts per million), centered on each transcriptional start site.
Generally, the gene list for each representation was rank
ordered based on the amount of Pol II (all) in mES cells, from
most to least to correlate the enrichment of the given factor
with the amount of Pol II at each gene. Cluster 3.0 (http://
bonsai.ims.u-tokyo.ac.jp/~mdehoon/software/cluster/soft-
ware.htm) and Java Treeview (www.jtreeview.sourceforge.
ne) were used to visualize the data and generate figures shown
herein.
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To determine the transcriptional state of Oct4, Nanog and
c-Myc target genes in mES cells, enriched genes were deter-
mined for each factor at p value le-8. Many studies have
found that the distance between an Oct4 and Nanog binding
site and the gene transcriptional start site can vary widely
(Boyer et al., 2005; Chen et al., 2008; Kim et al., 2008;
Marson et al., 2008). However, c-Myc binding is generally
centered within 1 kb of the transcriptional start site (Chen et
al., 2008; Kim et al., 2008). To take this into account Oct4 and
Nanog target genes were determined +/-5 kb around each
transcriptional start site and c-Myc target genes were deter-
mined +/-1 kb around each transcriptional start site. The
transcriptional state was then determined for each bound gene
set through determining the occupancy of Pol II Ser5P,
H3K4me3 (initiation-associated chromatin modification),
H3K79me?2 (elongation-associated chromatin modification)
and H3K27me3 (repression-associated chromatin modifica-
tion). The data was displayed at each gene centered on the
TSS from -2.5 kb to +3 kb, rank ordered based amount of Pol
1I Ser5P, using Cluster3.0 and Treeview (described above).

Determining Target and Non-Target Gene Sets

To determine c-Myc and Oct4 target and non-target genes
for analysis on changes in Pol Il ChIP-seq occupancy, we first
ordered all active genes by c-Myc or Oct4 occupancy near the
promoter (+/-1 kb for c-Myc and +/-5 kb for Oct4). For
c-Myc genes, the top 1000 and lowest 1000 genes by c-Myc
occupancy were demarcated as target and non-target genes
respectively. For Oct4, we selected as targets the top 100 Oct4
bound genes that also showed at least a —0.2 fold change in
expression following Oct4 shutdown (Matoba et al., 2006).
The Oct4 non-targets were determined by taking the lowest
100 Oct4 bound genes for which expression data existed.

Global Analysis of Pol II Occupancy Changes Following
cMyc/Max Inhibition

To determine the effect and significance of changes in Pol
1T occupancy at c-Myc target genes following treatment with
10058-F4, we first derived sets of actively elongating c-Myc
targets and non-targets. Actively clongating genes were
defined as those bound by Pol II within 1 kb of the TSS at a
p-Value of 1e-9 and also bound by H3K79me3 in the first 5 kb
of the gene, again at a p-Value of 1e-9.

Actively elongating genes were ranked by c-Myc levels
within +/-1 kb of the TSS, as cMyc generally associates with
its target genes close to the TSS (Chen et al., 2008; Kim et al.,
2008). We analyzed the effects on transcription following
c-Myc/Max inhibition by generating average Pol II occu-
pancy in the promoter or the gene body region for the high
confidence c-Myc targets using rank normalized datasets. For
the average Pol II occupancy analysis shown in FIG. 6C, we
used the high confidence set of c-Myc targets and non-c-Myc
targets containing the top 100 c-Myc target genes and the
bottom 100 genes from the rank ordering. This set of target
genes and non-target genes were also used for the Pol IT TR
analysis following 10058-F4 treatment using rank normal-
ized ChIP-seq density data (FIG. 6D).

In order to determine the significance of these changes, we
calculated the Pol II density for each gene in the promoter,
and the gene body plus gene end region, expanding the target
genes to the top 1000 and bottom 1000 genes ranked by
c-Myc levels were respectively used as a target and non-target
set for further statistical analysis. Regions are delineated in
FIG. 6. Averages of the Pol II occupancy at c-Myc targets
show aloss of Pol I in the gene body and gene end following
10058-F4 treatment. No such loss is seen in non-target genes.
Additionally, levels of Pol II at the promoter appear
unchanged following 10058-F4 treatment in both target and
non-target genes. We used a Welch’s T-Test to determine
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whether distributions of gene densities in control versus
10058-F4 treated cells could be generated by the same distri-
bution in each region for target and non-target genes. We
found significant changes in Pol Il occupancy only in the gene
body of cMyc target genes (p=7.341e-06) but not the pro-
moter region (p=0.4536) of c-Myc genes. Non c-Myc target
genes did not have a statistically significant change in either
gene region (p<0.001). These data suggest that 10058-F4
causes a loss in Pol II occupancy specifically at c-Myc target
genes.

Co-Immunoprecipitation Analysis

Co-immunoprecipitation studies were done in mES cells
using IgG: Upstate/Millipore, anti-c-Myc: Santa Cruz
sc-764, anti-Max: Santa Cruz sc-197, anti-Cdk9 Santa Cruz
sc-484, anti-CycT1: gift from David Price (Peng et al., 1998).
Max was immunoprecipitated from mES cell lysates made in
Lysis Buffer (20 mM Tris pH 8.0, 150 mM NaCl, 10% glyc-
erol, 1% NP-40, 2 mM EDTA and protease inhibitors) using
anti-IgG control, anti-c-Myc, anti-Max, anti-Cdk9 and anti-
CycT1 and incubated overnight at 4° C. CycT1 and Cdk9
were immunoprecipitated with mES cell lysates made in
Lysis Buffer using anti-IgG control, anti-c-Myec, anti-Max
and anti-Cdk9 and incubated for 3 hours at 4° C. Immuno-
precipitates were washed three times with lysis buffer and
proteins were analyzed by SDS-PAGE gel electrophoresis
followed by Western blot analysis.

Western Blots

Western blots were done following standard protocols.
Antibodies used for Western blots were as follows: Spt5: gift
of Yuki Yamaguchi and Hiroshi Handa (Wada et al., 1998);
NelfA: gift of Yuki Yamaguchi and Hiroshi Handa; Cdk9:
Santa Cruz sc-484 and sc-8338, Ser2P Pol II: Abcam (HS
clone) ab24758; SerSP Pol II: Abcam ab5131; Brgl: Santa
Cruz sc-10768; Max: Santa Cruz sc-197; c-Myc: Santa Cruz-
764; Cyclin T1: gift of David Price; Oct4: Santa Cruz
s¢-5279; and TBP: Abcam ab818. Secondary antibodies used
were anti-rabbit IgG (HRP-conjugated; GE Healthcare—
NA934V), anti-mouse IgG (HRP-conjugated; GE Health-
care—NA931V), anti-Protein A (HRP-conjugated; GE
Healthcare—NA9120V), anti-sheep (HRP-conjugated;
Santa Cruz—sc2770) and anti-mouse IgG+IgM (HRP-con-
jugated; Jackson ImmunoResearch—115-035-044).

Expression Analysis

RNA was extracted from mES cells treated with 10058-F4
or DMSO alone with biological replicates using Qiagen
Qiashredder and RNeasy kits. Residual DNA was degraded
using DNA-free kit for DNAse treatment (Ambion). cDNA
was generated from the DNA-free RNA using Superscript 111
First Strand reverse transcriptase PCR kits. Expression was
determined using quantitative PCR analysis using Tagman
assays in triplicate against Gapdh (Mm99999915_g1), Rnf2

(Mm00803321_m1), Brgl (MmO01151944_ml), Atic
(Mm00546566_m1), Bax (Mm00432050_m1), Nol5
(Mm00479705_m1), Brca2 (Mm00464784_ml), and

Zp451 (MmO00659728_m1l). Expression was normalized
against Gapdh internal control and displayed as a percentage
of expression in the DMSO alone control. c-Myc mRNA
levels were quantitated following sh c-Myc knockdown
analysis using duplicate Tagman assays for c-Myc
(Mm00487804_m1) and normalized against Gapdh.
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Example 7

Effect of Combined Flavopiridol and 10058-F4 on
Pol II Density in Transcribed Regions of c-Myc
Target Genes and non-c-Myc Target Genes

Tumor cells and normal cells are treated with flavopiridol
and 10058-F4 at a range of different concentrations. The
effect of the compound combination of Pol II occupancy is
assessed using ChIP-seq. The ability of 10058-F4 to augment
the effect due to flavopiridol at c-Myc target genes versus
non-c-Myc target genes, e.g., when flavopiridol is used at
doses lower than those described in the preceding Examples,
is assessed. The ability of flavopiridol at low concentrations
to augment the effect of 10058-F4 at c-Myc target genes
versus non c-Myc target genes is assessed. The effects of the
combination on proliferation of normal cells versus tumor
cells is assessed.



US 9,155,724 B2

75
Example 8

Effect of Combined Administration of Flavopiridol
and 10058-F4

Flavopiridol is administered at different doses either alone
or in combination with a c-Myc inhibitor, e.g., 10058-F4 to
groups of mice bearing tumor xenografts. The effect of the
flavopiridol and the compound combinations on tumor
growth are assessed at various time points after administra-
tion. Reduced tumor growth in animals receiving the combi-
nation relative to animals receiving the same amount of fla-
vopiridol as a single agent evidences the enhanced efficacy of
the compound combination.
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Those skilled in the art will recognize, or be able to ascer-
tain using no more than routine experimentation, many
equivalents to the specific embodiments of the invention
described herein. The scope of the present invention is not
intended to be limited to the embodiments described above.
The invention is directed to each individual feature, system,
article, material, kit, and/or method described herein. In addi-
tion, any combination of two or more such features, systems,
articles, materials, kits, and/or methods, if such features, sys-
tems, articles, materials, kits, and/or methods are not mutu-
ally inconsistent, is included within the scope of the present
invention.

Articles such as “a” and “an”, and the like, may mean one
or more than one unless indicated to the contrary or otherwise
evident from the context.

The phrase “and/or” as used herein in the specification and
in the claims, should be understood to mean “either or both”
of the elements so conjoined. Multiple elements listed with
“and/or” should be construed in the same fashion, i.e., “one or
more” of the elements so conjoined. Other elements may
optionally be present other than the elements specifically
identified by the “and/or” clause. As used herein in the speci-
fication and in the claims, “or” should be understood to have
the same meaning as “and/or” as defined above. For example,
when used in a list of elements, “or” or “and/or” shall be
interpreted as being inclusive, i.e., the inclusion of at least
one, but optionally more than one, of list of elements, and,
optionally, additional unlisted elements. Only terms clearly
indicative to the contrary, such as “only one of” or “exactly
one of” will refer to the inclusion of exactly one element of a
number or list of elements. Thus claims that include “or”
between one or more members of a group are considered
satisfied if one, more than one, or all of the group members are
present, employed in, or otherwise relevant to a given product
or process unless indicated to the contrary. The invention
provides embodiments in which exactly one member of the
group is present, employed in, or otherwise relevant to a given
product or process. The invention also provides embodiments
in which more than one, or all of the group members are
present, employed in, or otherwise relevant to a given product
or process. It is to be understood that the invention encom-
passes embodiments in which one or more limitations, ele-
ments, clauses, descriptive terms, etc., of a claim is intro-
duced into another claim. For example, a claim that is
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dependent on another claim can be modified to include one or
more elements or limitations found in any other claim that is
dependent on the same base claim.

Where the claims recite a composition, it is understood that
methods of using the composition as disclosed herein are
provided, and methods of making the composition according
to any of the methods of making disclosed herein are pro-
vided. Where the claims recite a method, it is understood that
a composition for performing the method is provided. Where
elements are presented as lists or groups, each subgroup is
also disclosed. It should also be understood that, in general,
where the invention, or aspects of the invention, is/are
referred to as comprising particular elements, features, etc.,
certain embodiments of the invention or aspects of the inven-
tion consist of, or consist essentially of, such elements, fea-
tures, etc.

It should also be understood that, unless clearly indicated
to the contrary, in any methods claimed herein that include
more than one step or act, the order of the steps or acts of the
method is not necessarily limited to the order in which the
steps or acts of the method are recited.

Where ranges are given herein, the invention provides
embodiments in which the endpoints are included, embodi-
ments in which both endpoints are excluded, and embodi-
ments in which one endpoint is included and the other is
excluded. It should be assumed that both endpoints are
included unless indicated otherwise. Furthermore, it is to be
understood that unless otherwise indicated or otherwise evi-
dent from the context and understanding of one of ordinary
skill in the art, values that are expressed as ranges can assume
any specific value or subrange within the stated ranges in
different embodiments ofthe invention, to the tenth of the unit
of the lower limit of the range, unless the context clearly
dictates otherwise. “About” in reference to a numerical value
generally refers to a range of values that fall within £10%, in
some embodiments +5%, in some embodiments 1%, in
some embodiments +0.5% of the value unless otherwise
stated or otherwise evident from the context. In any embodi-
ment of the invention in which a numerical value is prefaced
by “about”, the invention provides an embodiment in which
the exact value is recited. In any embodiment of the invention
in which a numerical value is not prefaced by “about”, the
invention provides an embodiment in which the value is pref-
aced by “about”. Where the phrase “atleast” precedes a series
of numbers, it is to be understood that the phrase applies to
each number in the list (it being understood that, depending
on the context, 100% of a value may be an upper limit). It is
also understood that any particular embodiment, feature, or
aspect of the present invention may be explicitly excluded
from any one or more of the claims. For example, any com-
pound, compound combination, transcriptional modulator,
cell type, cell state, or therapeutic indication may be
excluded.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 17
<210>
<211>
<212>
<213>
<220>
<223>
<220>
<221>

SEQ ID NO 1

LENGTH: 10

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetic Polynucleotide
FEATURE:

NAME/KEY: misc_feature
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-continued
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<222> LOCATION: (5)..(5)
<223> OTHER INFORMATION: n is a, ¢, g, or t

<400> SEQUENCE: 1

gggrnwyycc

<210> SEQ ID NO 2

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Polynucleotide

<400> SEQUENCE: 2

ttagttcceg gacctgttg

<210> SEQ ID NO 3

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Polynucleotide

<400> SEQUENCE: 3

acaaactcgt cccaccaag

<210> SEQ ID NO 4

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Polynucleotide

<400> SEQUENCE: 4

cctggaggge gtttttagt

<210> SEQ ID NO 5

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Polynucleotide

<400> SEQUENCE: 5

accctttegyg aacgtaacc

<210> SEQ ID NO 6

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Polynucleotide

<400> SEQUENCE: 6

gatcactcag aacggacacc

<210> SEQ ID NO 7

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Polynucleotide

<400> SEQUENCE: 7

acacgctagyg cgtaaagttg

10
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<210> SEQ ID NO 8

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Polynucleotide

<400> SEQUENCE: 8

ctgggtctee attgtetgg

<210> SEQ ID NO 9

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Polynucleotide

<400> SEQUENCE: 9

agttccacca acctgetca

<210> SEQ ID NO 10

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Polynucleotide

<400> SEQUENCE: 10

ggctccgaaa agatgtgaa

<210> SEQ ID NO 11

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Polynucleotide

<400> SEQUENCE: 11

agcagaggtce gccctaaat

<210> SEQ ID NO 12

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Polynucleotide

<400> SEQUENCE: 12

gtctecgaag gtcccatcet

<210> SEQ ID NO 13

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Polynucleotide

<400> SEQUENCE: 13

tgaaggctaa agggcatgt

<210> SEQ ID NO 14

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Polynucleotide

19
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19
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-continued

<400> SEQUENCE: 14

agatcctgga ccgacttec

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 15

LENGTH: 19

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic Polynucleotide

<400> SEQUENCE: 15

gttcccaaaa ccttegtty

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 16

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic Polynucleotide

<400> SEQUENCE: 16

agagcctaaa aggtcctcca

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 17

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic Polynucleotide

<400> SEQUENCE: 17

caccttctee ctectettte

19

19

20

20

We claim:

1. A method of inhibiting proliferation or survival of a cell
comprising contacting the cell with a positive transcription
elongation factor b (P-TEFb) inhibitor and a c-Myc inhibitor.

2. The method of claim 1, wherein the P-TEFb inhibitor is
a CDKD9 inhibitor.

3. The method of claim 1, wherein the P-TEFb inhibitor is
flavopiridol or a flavopiridol analog.

4. The method of claim 1, wherein the c-Myc inhibitor is a
compound that inhibits interaction between c-Myc and Max.

5. The method of claim 1, wherein the cell is a human cell.

6. The method of claim 1, wherein the cell is a tumor cell.

7. The method of claim 1, wherein the cell is a stem cell.

8. A method of inhibiting pause release at a plurality of
Myc target genes in a cell comprising contacting the cell with
apositive transcription elongation factor b (P-TEFb) inhibitor
and a c-Myc inhibitor.

9. The method of claim 8, wherein the cell is contacted with
a P-TEFb inhibitor at a concentration that does not substan-
tially inhibit pause release at non-c-Myc target genes when
contacted with the cell in the absence of a c-Myc inhibitor.

10. A method of treating a subject suffering from a prolif-
erative disease comprising administering therapeutically
effective amounts of a positive transcription elongation factor
b (P-TEFb) inhibitor and a c-Myc inhibitor to the subject.

11. The method of claim 10, wherein the proliferative
disease is a tumor.

12. The method of claim 10, wherein the P-TEFb inhibitor
is administered at a reduced dose relative to a standard dosing
regimen.
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13. The method of claim 10, wherein the subject is a
human.

14. A composition comprising a positive transcription
elongation factor b (P-TEFDb) inhibitor and a c-Myc inhibitor.

15. A method for testing the ability of a compound combi-
nation to inhibit cell survival or proliferation, comprising (a)
contacting one or more test cells with a positive transcription
elongation factor b (P-TEFb) inhibitor and a c-Myc inhibitor;
and (b) assessing survival or proliferation of the one or more
test cells.

16. A method of modifying cell state or cell type compris-
ing contacting the cell with a c-Myc inhibitor and a modulator
of a second transcription modulator.

17. The method of claim 16, wherein cell state is prolifera-
tion state.

18. The method of claim 16, comprising inhibiting prolif-
eration or survival of a cell.

19. The method of claim 16, comprising contacting the cell
with a P-TEFb inhibitor and a c-Myc inhibitor, whereby cell
proliferation or survival is inhibited.

20. A method of modulating pause release at a plurality of
c-Myc target genes in a cell comprising contacting the cell
with a c-Myc modulator and a modifier of a second transcrip-
tional modulator.

21. A method of treating a subject suffering from a prolif-
erative disease comprising administering therapeutically
effective amounts of a positive transcription elongation factor
b (P-TEFD) inhibitor and an NF-kB inhibitor to the subject.

22. A method of modulating pause release at a plurality of
NF-kB target genes in a cell comprising contacting the cell
with an NF-kB modulator and a modifier of a second tran-
scriptional modulator.
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23. The method of claim 8, wherein the P-TEFD inhibitoris
a CDKO9 inhibitor.

24. The method of claim 8, wherein the P-TEFD inhibitoris
flavopiridol or a flavopiridol analog.

25. The method of claim 8, wherein the cell is ahuman cell. 5

26. The method of claim 8, wherein the cell is a tumor cell.

27. The method of claim 8, wherein the cell is a stem cell.

28. The method of claim 10, wherein the P-TEFb inhibitor
is a CDK9 inhibitor.

29. The method of claim 10, wherein the P-TEFb inhibitor 10
is flavopiridol or a flavopiridol analog.

30. The composition of claim 14, wherein the P-TEFb
inhibitor is a CDK9 inhibitor.

31. The composition of claim 14, wherein the P-TEFb
inhibitor is flavopiridol or a flavopiridol analog. 15
32. The method of claim 20, wherein the second transcrip-

tional modulator is P-TEFb.
33. The method of claim 22, wherein the second transcrip-
tional modulator is P-TEFb.
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